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PREPACB. 

Thb present work ia based npon lectnree given at Harvard 
CJnivereity in the autnniii of 18G9 and Bpring of 1871, and 
afterwards repeated, wholly or in part, in Beaton, New York, 
Milwaukee, and London, 

At the outaet these Jpcturea were designed to inclnde 
only a criticism of the Positive Philosophy, and I had 
no intention of publishing them in anything like the 
shape in which they were originally written. It was 
only when — at the suggestion of Dr. K. L. Youmans, and 
through the kindness of Mr. Marble — the lectures were 
reported in the New York World, and seemed to meet 
the wants of a large number of readers, that I decided 
npon publishing them, and upon eo enlarging the course 
as to make it include a somewhat complete outline - 
sketch of the new philosophy based on the Doctrine of 
Evolution. In coming to this decision, I was at first hut 
carrying out a project, formed several years earlier, of 
writing a series of essays illustrative of Mr. Spencer's 
philosophy. But the work has grown on my hands, and 
in its present shape is something more than it was originally 
intended to be. For while it does not, as a whole, lay any 
claim to the character of an original work, it has never- 
theless come to contain so much new matter, both critical 
and constructive, that it can no longer be regarded as a mere 
reproduction of Mr. Spencer's thoughts. The new con- 
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Btructive matter tegins with the eighteenth chapter of Part 
II., which (together with its predecesaor) was written in 
1866, and which leads to eoncluaions concerning the relations 
of a social commuuity to its environment, such as will 
doubtless be much more thoroughly and satisfactorily pre- 
sented by Mr. Spencer in bis forthcoming work on Sociology. 
The following cbapters on the Genesis of Man, along with 
considerable expository and critical matter, contain a theory 
as to the part taken by the prolongation of human infancy 
in originating social evolution, which is entirely new in 
all its features. With the exception of numerous minor 
BUggestions scattered here and there throughout the work, 
these are the only parts of the constructive matter which I 
can claim as Txiy own ; though it may be interesting to 
observe that the chapter on the Evolution of Mind was 
mostly written, and the theory contained therein entirely 
worked out, before the publication of Part V. of the second 
edition of Mr. Spencer's " Principles of Psychology." 

The new critical matter is mostly to be found in the 
chapters relating to religion, and in the discussion of the 
various points of antagonism between the philosophy here 
expounded and the Positive Philosophy. Though the real 
work of demolishing the undue pretensions of Positivism 
had already been well accomplished by Mr. Spencer, most 
of whose arguments are here reproduced, it seemed to me 
that much might still be done toward clearing up the dire 
confusion with which in the popular mind this subject 
is surrounded ; and this I realized the more keenly as it 
was some time before 1 bad succeeded in getting clear of the 
confusion myself. Accordingly on every proper occasion 
the opinions characteristic of the Positive Philosophy are 
cited and criticized ; and on every occasion they are proved 
to he utterly iiTeconcilable with the opinions characteristic 
of Mr. Spencer's philosophy and adopted in this work. The 
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^ant cT&im of Positivism to stand for the whole of 
Kttainablo scientific philosophy ia, I trust, finally disposed 
of wheii it is shown that a ayatem of philosophy has been 
constracted, out of purely scientific materials and by the 
employment of scientitic methods, which opposes a direct 
Degfttive to eveiy one of the theorems of which Poaitiviiira 
ia made up. 

The phraae " Cosmic Philosophy," ' by which I have pro- 
posed to designate this Byatetn, has not found favour with 
Mr, Spencer, who urges the objection that all philosophies 
whatever may, in a certain sense, be termed "Cosmic," 
inasmuch as all philosophies have had for their subject- 
matter the explanation of the universe or Cosmos. In this 
objection there would no doubt be much weight if any 
alternative term could be proposed which should be ideally 
perfect. As it is, I cannot but think that the alternative 
term suggested by Mr. Spencer is open to a parallel objection 
of at least equal weight. To the phrase '' Synthetic Pbilo- 
sophy," as a distinctive epithet, it is an obvious objection 
that the systems of Aquinas and Hegel, and other systems 
built up by the aid of metaphysical methods, might claim 
to be entitled "Synthetic" as wall as the system of Mr. 
Spencer, So far as this goes, therefore, there would seem 
to be but little room for choice between the two terms. But 
when we look more carefully into the matter, the case ia seen 
to be otherwise. For not only does the term "Cosmic," 
when regard is had to the implicatio:is of its primitive 
meaning, convey all that is conveyed by the term "Syn- 
thetic," but it further hits the precise point by which Mr. 
Spencer's philosophy is fundamentally distinguished alike 
bom Positivism and from all ontological systems. For the 

' Tliii tarm vu Gnt auggetted to me by Mr. ItlaatcD Marble, soma font 
jmn ago, tliongb U that tmi« neither he nor I Gaolit have ipjirociuteil it at ib 



term " Coaicos " eonnola the orderly snccession of pliecomena 
quite as forcibly as it denotes the totality of phenomena ; and 
with anything absolute or ontological, with anything save 
the " Mundus " or orderly world of phenomena, it has 
nothing whatever to do. So that, strictly speaking, no 
theological system of philosophy can be called " Cosmic " 
while admitting miracle, special-creation, or any other denial 
of the persistence of force, into its scheme of things ; and 
no ontological system can be called " Cosmic " while pro- 
fessing to deal with existence not included within the 
phenomenal world. The term, therefore, forcibly distin- 
guishes Mr. Spencer's philosophy from systems which have 
contained ontological or theological assumptions. And, on 
the other band, as is shown below, in the ninth and 
tenth chapters of Part 1, it distinguishes it from Positivism ; 
since the latter philosophy consists of an Oi-ganon of 
scientific methods ancillary to the construction of a system 
of Sociology, and has always implicitly denied the practical 
possibility of such a unified doctrine of the Cosmos as 
Mr, Spencer has succeeded in making. In short, Mr. 
Spencer's philosophy is not merely a Synthesis, but it is 
a " Cosmic Synthesis ; " that is, it is a system whicli, without 
making appeal to data that are ontological or to agencies 
that are extra-cosmic, brings all known truths concerning 
the coexistence and succession of phenomona into relation 
with ono another as the corollaries of a single primordial 
truth, which is alleged of the omnipresent Existence (ignored 
by Positivism) whereof the phenomenal world io the multi- 
form manifestation. To no other system yet devised can 
Lliis definition be strictly applied ; and of no other system 
can we strictly say that it is " Cosmic." 

Along with these specific advantages, as characterizing 
Mr. Spencer's system of philosophy, the terra " Cosmic " 
and its congeners possess sundry general advantages, u 
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■iharaoterizing that entire method or bahit of philoBOpMzmg 
of which Mr. Spencer's system is in onr day the most 
eonspicnoos product. In thia sense I have contrasted 
"Cosmism" with " Aatl.ropomorphism " as two different 
foshions or habits of intei-preting phenomena, the contrast 
being more specifically carried out, in the concluding 
cbspters of this work, between " Cosmic Theism " and 
"Anthropomorphic Theism." For further justification and 
elacidation I must refer to the body of the work, where 
these terms are introduced and defended as occasion 
requires. In view of all that is thus from time to time 
brought forward, I think it will appear that a more 
strikingly characteristic terminology would be hard to 
find, or one in which so great a number of kindred dis- 
tioctiona are expressed by so small a group of terras. 

But while it is incumbent on me to declare Mr. Spencer's 
disapproval of thia terminology, it should be added that, 
BO far as I know, the question at issue between U8 is purely 
a question of nomenclature, and is not implicated with any 
essential differences of opinion as to the character and 
position of the system of thought to which the nomenclature 
is applied. Without implying that Mr. Spencer should be 
held responsible for everything that is maintained in the 
following pages, I believe that the system here expounded 
is essentially his, and- that such supplementary illustrations 
as I have added are quite in harmony with the fundamental 
principles which he hae laid down. 

Much of the new critical matter thus appears to be 
eoncemed with questions of nnmenclnture and other ques- 
tions which hinge, directly or remotely, npon these. And 
considering how important are the " counters of thought," 
and how often they are made to do duty as its hard money, 
it will perhaps he felt that too much emphasis has not been 
laid upon these points. The rest of the new critical matter. 
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OS before hinted, occurs in Part IIL, where it is attempted 
to show that the hostility between Science and Iteligion, 
about which so much is talked and written, is purely a 
chimera of the imagination. Putting the case into other 
language, it may be said that to assert a radical hostility 
between our Knowledge and oui Aspirations, is to postulate 
euch a fundamental viciousness iu the constitution of things 
as the evolutionist, at least, is in no wise bound to acknow- 
ledga The real conflict, as I have sought to show, is not 
between Knowledge and Aspiration, but between the less- 
imperfect knowledge of any given age and the more-imperfect 
knowledge of the age which has gone before. For it lies in 
the nature of progress that the heresy or new-knowledge of 
yesterday is the orthodoxy or old-knowledge of to-day, 
and that to those who have learned to associate their 
aspirations with the old knowledge it may well seem im- 
possible that like aspirations should be aasociated with the 
new. But the experience of many ages of speculative 
revolution has shown that while Knowledge grows and old 
beliefs fall away and creed succeeds to creed, nevertheless 
that Faith which makes the innermost essence of religion 
is indestructibla Were it not for the steadfast conviction 
that this is so, what could sustain us in dealing with 
qnestions so mighty and so awful that one is sometimes 
fain to shrink from facing their full import, lest the mind 
be overwhelmed and forever paralyzed by the sense of its 
nothingness I 
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KNOWLEDGE. 



WKBtf we contemplate any portion of matter, bucIi as a 
cubical block of metal or wocxl, it appears to our senses to be 
' perfectly solid. No breach of contimiity appearing anywhere 
among the aggregate of visual and tactual perceptions which 
ita presence awakens iu us, we are unable to restrain ourselves 
from imagining that its parts are everywhere in actual contact 
with each other. Nevertheless, a brief analysis of this opinion 
will suffice to show that it cannot be maintained without 
landing us in manifest absurdity. We need only recollect 
tliat every portion of matter ia compressible, — may be made 
to occupy less space than before, — and that compressibility, 
implying the closer approacli of the constituent particles of 
the body, is utterly out of the question, unless empty space 
exists between these particles. We are therefore obliged to 
admit that the molecules of which perceptible matter is com- 
posed, are not in immediate contact, but are separated irom 
each other by enveloping tracts of uuoccnpied space. 

But no sooner do we seek refuge in this assumption than 
we are again met by difficulties no less insuperable than the 
OD9 just noticed. The form of our experience of all objects 
compels us to postulate that cohesive or gravitative forcea 
Me continually ui;ging the particles of matter toward closer 
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union, while disruptive or thermal forces are continually urg« 
ing them toward wider separation. In view of this, suppose 
we regard matter, with Newton, as consisting of solid atoms, 
never absolutely contiguous to each other, but always attract- 
ing or repelling each other with a force varying inversely as 
< the squares of the distances between the atoms. 

What then is the constitution of these hypothetical 
atoms ? Are they divisible, or indivisible ? And if divisible, 
what shall we say of the parts into which they are divided 1 
Can these be again divided, and so on for ever ? If we say 
yes, we are speedily brought face to face with a double in- 
conceivability. For, on the one hand, by no effort of thought 
can we conceive the infinite divisibility of a particle of 
matter. Mentally to represent any such division would 
require infinite time. On the other hand, granting that the 
particles which we have postulated as the component units 
of matter are divisible, we have not escaped the difficulty 
which confronted us at the outset For each of these 
particles, if divisible, is a piece of matter just like the block 
of metal or wood with which we set out, — only smaller in 
size. The particles of these particles cannot, as we have 
seen, be in direct contact; then they must each be com- 
posed of several particles not in contact, but exerting on 
tach other attractive and repulsive forces that vary inversely 
with the squares of their distances apart ; and again we 
have to ask of these particles, Are they divisible or indi- 
visible? and so on, for evcr. 

Such are the difficulties into which we are led if we 
assume that the atoms of which matter is composed are 
divisible. Let us now assume that (as theii' name implies) 
they are indivisible. And this is, no doubt, the assumption 
which is most congruous with the experie^ices of the chemist. 
Yet we shall find that an absolutely indivisible atom is quite 
inconceivable by human intelligence. Every such atom, if it 
exists, must have an upper side and an under side^ a right side 
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tmd a left side, or if spTierical, must have a periphery that ia 
conceited as covering some assignable area. Now by no efi'ort 
of oor intelligence can we imagine sides so close together 
that no plane of cleavage can pass between them ; nor can 
we imagine a sphere so minute that it cannot be conceived aa 
divisible into hemispheres ; nor can we imagine a cohesivp 
tenacity so great that it might not be overcome by some atill 
greater disruptive force such as we can equally well imagine. 

^Vlien we contemplate the mode in which one particle of 
matter acts upon the adjacent particles by attractive and 
repulsive forces, we lind ourselves equally puzzled. As Mr. 
Spencer well observes, " matter cannot be conceived except 
as manifesting forces of attraction and repulsion. Body is 
distinguished in our consciousness from space, by its opposi- 
tion to our muscular energies ; and this opposition we feel 
under the twofold form of a cohesion that hinders our efforts 
to rend, and a resistance that hinders our efforts to compress. 
Without resistance there can be merely empty extension. 
Without cohesion tliere can be no resistance. Thus we are 
Bbliged to think of all objects as made up of parts that 
attract and repel each other; since this is the form of our 
experience of all objects. Nevettheless, however verbally 
intelligible may be the proposition that pres-sure and tension 
everywhere co-exiat, yet we cannot truly represent to oureolvea 
one ultimate anit of matter as drawing another while re- 
sisting it" 

Nor is this the last of the difficulties which encnmber 
our hypf.'thesis of mutually-attracting and repelling particles 
separated by tracts of unoccupied space. For this hypnibesia 
requires us to conceive one particle acting upon another 
throngh a space that ia utterly empty; and we can in no 
wise conceive any such action ? How shall wo escape this 
difficulty ? Shall we assume that the intervals between 
the particles are filled by a fluid of excessive tenuity, lik« 
the ao-calleil imponderable ether to which phyaicista are ii 
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the habit of appealing! We shall soon find that the 
problem is only shifted. As soon as we inquire into the 
constitution of this hypothetical interraolecular fluid, we are 
no better off than before. For we have no alternative but 
to legard this fluid as itself an extremely rarefied form of 
matter: since it does not perceptibly affect the weights of 
bodies, we must regard it as po&sessed of a density that is 
almost infinitesimal, — that is, its constituent particles must 
be separated from each other by regions of empty space that 
are even greater in proportion to the size of th^ particles 
than are the spaces tliat intervene between the molecules of 
that relatively dense form of matter which we call ponder- 
able. With regard to the ether, as before with regard to the 
matter, we have to ask, How can its particles act upon each 
other through space that is utterly empty ? How can a thing 
act where it is not ? How can motion be transmitted, in the 
absence of any medium of transmission ? and to this question 
no answer ever has been, or ever can be devised. 

Thus, whichever horn of the dilemma we take hold of, we 
are sure to be gored by it Whether we assume on the one 
hand that matter is absolutely solid, or on the other hand 
that it is absolutely porous, we are alike brought face to 
face with questions which we can neither solve nor elude. 

If now we turn from the inquiry into the ultimate constitu- 
tion of that matter out of which the universe is formed, and 
inquire what was the origin of this universe, we shall find 
ourselves plunged into still darker regions of incomprehen- 
sibility. Respecting the origin of the universe three verbally- 
intelligible hypotheses may be formed. We may say, with 
the Atheist, that the universe is self-existing ; or, with the 
Pantheist, that it is self-created ; or, with the Theist, that it is 
created by an external agency. Let us examine these three 
•propositions severally, not with the view of determining 
which of them is true, but with the view of determining 
whether any one of them is comi'shensible. 
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Philosophically speaking, then, we must admit that, 
whether or not the Atheistic hypothesis of a eelf-existeot 
universe be assumed as true, it is at any rate incomprehen- 
sible. We can form no genuine conception answering to tha 
phrase "self-existence," For by self-existence we clearly 
mean flxistence which is not dependent on any extraneous 
existence ; which is not conditioned or determined by any 
cansa The assertion of self-existence is the denial of oausa- 
tion; and when we deny causation we also deny commence- 
ment, inasmuch as to suppose that there was a time when 
the existence commenced is to admit that the commencement 
of the existence was determined by some cause; which is 
contrary to our hypothesis. In order, therefore, to conceive 
self-existence, we must conceive existence throughout infinite 
past time ; and to do this manifestly exceeds our powers. 

The Pantheistic hypothesis of self-creation is similarly in- 
comprehensihle. Self-creation, equally with self- existence, 
excludes the idea of any extraneous determining causa If 
the passage of the universe from non-existence, or from 
potential existence, into actual existence, were determined by 
nay extrinsic cause, manifestly it would not be self-createi 
Nevertheless, to suppose that existence, after remaining for a 
long period in one form, suddenly took on of its own accord 
another form, requires us to imagine a change without any 
cause, — which is impossible. 

Of the Theistic hypothesis, also, we must perforce admit, 
that, whatever may be ui^ed in favour of our accepting it as 
s help to our thinking, it is no less incomprehensible than 
the other two. In the first place, the creation of something 
out of nothii^ is a process which we are wholly incapable ol 
representing in thought. In the second place, granting thai 
tlie universe was made from nothing by an external i^ency, 
wk are compelled to ask whence came this agency? W* 
saost either admit for it another extrinsic cause still furthei 
back, and so on for ever: or we must regard it as sel£ 
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existing, in which caae we are again brought face to face"(oth 
the flame ultimate difficultiea which attend upon the atheietio 
hypothesis. For, as Mr. V. W. Newman observes, "a God 
uncaused and existing from eternity is quite as incomprehen- 
sible as a world uncaused and existing from eternity." Which 
conception is the more likely to he true, I repeat, does not 
for the present concern us. What we have now to notice is 
merely the incapacity of the human intellect for realizing 
either the one or the other. In spite of their great apparent 
diversity, the atheistic, pantheistic and theistic hypotheses 
all contain, in one form or another, the same fundamental 
aasumption. Sooner or later they all require us to conceiTS 
some form of existence which has had neither cause nor 
beginning ; and to do this is impossible. 

Nevertheless, in spite of the impossibility of conceiving 
it, this fundamental assumption is one which we are com- 
pelled to adopt, unless we abstain from theorizing altogether 
upon the subject. For it ia impossible to enter into any 
inquiry concerning causation without eventually postulating 
some First Cause. We are obliged to do so from sheer 
inability to follow out in thought an infinite series of causes. 

Assuming, then, the existence of a First Cause, let us 
inquire for a moment into its nature. The First Cause must 
be infinite. For if we regard it as finite, we regard it as 
bounded or limited, and are thus compelled to think of a 
region beyond its limits, which region ia uncaused. And if 
we admit this, we virtually abandon the doctrine of causa- 
tion altogether. We therefore have no alternative but to 
regard the First Canse as infinite. 

We are no less irresistibly compelled to regard the First 
Cause as independent. For if it be dependent, that on 
which it depends must be the First Cause. The First Cause 
can therafore have no necessary relation to any other form 
of Being ; since if the presence of any other form of 
txistence is necessary to its completeness, it is paitially 
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deponJorit upon such other form of existence, and cannot be 
th«: FiTft Cause. Thus the First Cause, besides being infinite 
most hf complete in itself, existing independently of all 
relations, — that is, it must be absolute. 

To such conclusions, following the most refined meta- 
physical philosophy of the day, are we easily led. By the 
very limitations of our faculties, we are compelled to think 
of a First Cause of all phenomena; and we are compelled to 
think of it as both infinite and absolute. 

Nevertheless, it will not be difficult to show that such a 
conclusion is utterly illusive ; and tbatin joiningtogether the 
three conceptions of Cause, of Infinite, and of Absolute, we 
have woven for ourselves a network of contradictions more 
formidable, more disheartening than any that we have yet 
been required to contemplate. 

For, in the first place, that which is a cause cannot at the 
same time be absolute. For the definition of the Absolute is 
that which exists out of all relations ; whereas a cause not 
only sustains some definite relation to its effect, but it exists, 
aa a cause, only by virtue of such relation. Suppress the 
efTect, and the cause has ceased to be a cause. The phrase 
"Absolute Cause," therefore, which is equivalent to "non- 
relative Cause," is like the phrase " circular triangle." The 
two words stand for conceptions which cannot be made to 
unite. " We attempt," says Mr. Mansel, " to escape from this 
apparent conlradiction by introducing the idea of succession 
in time. The Absolute exists first by itself, and afterwanis 
becomes a Cause. But here we are checked by the third 
conception, that of the Infinite. How can the Infinite 
become that which it was not from the first ! If causation 
U a possible mode of existence, that which exists without 
musing is not infinite; that which becomes a cause has 
passed beyond its former limits." 

But supposing all these obstacles overcome, so that we 
■night frame a valid conception of a Cause which u also 
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Absolute and Infinite : have we then explained the origin of 
the universe ? Have we advanced one step toward explaining 
how the Absolute can be the source of the Relative, or how 
tlie Infinite can give rise to the Finite? To continue with 
Mr. Mansel, " if the condition of causal activity is a higher 

state than that of quiescence, the Absolute has 

passed from a condition of comparative iraperi*ection to one 
of comparative perfection ; and therefore was not originally 
perfect. If the state of activity is an inferior state to that 
of quiescence, the Absolute, in beconjing a cause, has loso its 
original perfection. There remains only the supposition that 
the two states are equal, and the act of creation one of com- 
plete indifiercnce. But this supposition annihilates the 
unity of the Absolute." 

These examples must suffice for my present purpose, which 
is to illustrate and enforce, at the beginning of our investiga- 
tion, the doctrine of the Eelativity of Knowledge. They 
constitute but a small, though an important, portion of the 
mass of evidence which might be alleged. The history of 
metaphysical speculation — if we leave out of the account all 
psychological inquiry, which is a very different matter — is 
little else than the history of a series of persistent attempts 
to fi-ame tenable hypotheses concerning the origin of the 
universe, the nature of its First Cause, and the ultimate con- 
stitution of the matter which it contains. History teaches 
us that all such attempts have failed; and furnishes us with 
ample inductive or empirical evidence that the human mind 
is incapable of attaining satisfactory conclusions concerning 
the First Cause, the Infinite, the Absolute, or the intimate 
nature of things. We accordingly say for brevity's sake that 
we cannot know the Absolute, but only the Eelative ; and in 
saying so, we implicitly assert two practical conclusions : — 

rirst, we cannot know things as they exist independently 
of our intelligence, but only as they exist in relation to oui 
intelligence* 
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Secindly, the possibilities of thoofjht are not identical or 
coextpnaive with the possibilities of things. A propoBition 
i» not necessarily true because we can clearly conceive its 
t«rms ; nor is a proposition necessarily unti-ue because it 
contains terras whieli are to us inconceivable.' 

This great truth, which I have thus iliustrnted by a few 
empirical examples, must now be illustrated deductively. H 
must be shown how the impossibility of knowing or con- 
ceiving anytiiing save tlie llelative results from the very 
constitution of onr minds — from the very manner in whicii 
our thinking takes place. And this may be shown by several 
distinct lines of argument 

In the first place, all htmcivg is chtssifying. What do we 
mean when we say that any given phenomenon has been 
explained ? We mean simply that it has been ranked along 
with similar phenomena which, having previously been 
grouped together, are said to be nnilerstood. For example, 
in walking out some clear November evening, your attention 
is arrested by a bright, but suddenly vanishing track of light 
across the sky, which you recognize as the appearance ol 
a " fttlling-stur," In doubt, perliaps, ae to the tnie explana- 
tion of this phenomenon, you appeal to some astronomer, wh<i 
tells yon that a zone of planetary matter encircles the sun ; 
that tlie course of this zone, tying near the course of Ilie 
earth's orbit and not being concentric with it, must intersect 
it at Eujidry points ; and that when, at certain seasons of the 

' Hence, u will ippear mors (tally hpTpafter, we h»T« no criterion of tbto- 
luU or objcttivn truth. Unl it will siao sppi'nr Ih&t, in the realm of pheno- 
ln«n*, with irhluh nlone ars we practically uoii[:en]ed in fanning the cc~-' " 
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criirable t«tiD, i« ipto facta a propoBition wiihont a imsiH ii 

|>h'<DODieaa, tad is BCcordingly inadmiBtiihle, But ]> progv-sition coDCeniiDg 

Bomnemt, which containi an inconceivable t«rni, is cntii-::/ lut or-^vlation 

Tith czp«riciicr, eince we hnve no experieiics -of nduinuia ; an.'! ws bare 
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vear, snoli intersection occurs, the gravilft'ive t<j-xc of tha 
earth piiUs down some of the fragments oonstituting thia 
zone, an<l unites them with its own mass. That ip to say, he 
ranks the phenomenon which is to be explained along with 
the more familiar phonomena of heavy bodies wJiich circulate 
about a vast central mass, and which, by their gravitative 
power, draw to themselves whatsoever comes within a certain 
distance of them. And this you feel to be a perfectly satis- 
factory explanation. Similarly, when Newton explained the 
manner in which these planets are kept revolving about the 
Bun, he had recourse to the hypotheses of gravitation and 
tangential momentum. By the former he classified the 
unknown force which keeps the moon from flying away &oni 
the earth along with the familiar force which causes un- 
supported terrestrial bodies to fall toward the earth's centra 
By the latter he classified the unknown force which keeps 
the moon from tumbling down upon the earth along with the 
familiar force which urges a stone whirled at a sling's-end to 
fly away upon a tangent. In each case he did nothing but 
classify phenomena which had hitherto remained unclassified ; 
and this was rightly felt to be a triurapliant explanation; 
although the ultimate nature of the forces operating remained 
as mysterious as before. 

If now we proceed still further, and ask in what sense the 
foice which makes apples fall can be regarded as known by 
us, —we can only reply, it is not known in itself, but only 
in its manifestations throughout a number of plienoniena 
which can be classed together, and any one of which is said 
to be known when it is perceived to be like its conveners 
previo'isly presented to our consciousness. We know a 
thing only when we classify it in thought with some other 
thing; only when we see it to be like some other thing. 
In short, cognition is pos.'sible only through recognition. In 
tlie infant, we may see that there are no cognitions until the 
feelings awakened by the presence of external objects have 
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been arranged into groups, so tiiat when certsin seTiaatioua 
occur they may be recognized as buloiigiug to such or auch 
a, group. And in the adult, as our examples already cited 
suffice to show us, an object is known just in so far as the 
impressions which it produces upon us can be assimilated 
to previous impressions. Or if this is still not perfectly 
clear, a brief eitatiou from Mr. Spencer will make it clear. 
" An animal hitherto unknoivn, though not referable to any 
established species or genus, is yet recognized as belonging 
to one of the larger divisions — matumals, birds, reptiles, oi 
fishes; or should it be so anomalous that its atlliiuce with 
any of these is not determinable, it may yet be classed as 
vertebrate or invertebrate ; or if it be one of those organisms 
of which it is doubtful whether the animal or vegetal char- 
acteristics predominate, it is still known as a living body ; 
even should it be questioned whether it is organic, it remains 
beyond question that it is a material object, and it is cognized 
by being recognized as such. Whence it is manifest that a 
thing is perfectly known only when it is in all respects like 
certain things previously observed ; that in proportion to the 
number of respects in which it is unlike them, is the extent 
to which it is unknown; and that hence when it has abso- 
lutely no attribute in common with anything else, it must 
be absolutely beyond the bounds of knowledge." ' 

The bearing of all this upon our main theeis is so obvious 
as to need but the briefest mention. Manifestly the First 
Cause, the Infinite, the Absolute, can be known only by 
being classified. We can conceive it at all only by conceiving 
it as of such or such kind — as like this or that which we 
have already conceived. There can be but one First Cause ; 
dud this, being uncaused, cannot be classified with any of 
the multiplicity of things which are caused. The Infinite, 
again, cannot be conceived as like the Finite ; nor can it be 
classed with any other Infinite, since two Inhoites, by mutu- 
> First Priaeiplet, p. 80. 
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ally limiting each other, would become finite, and thus 
destroy each other. And likewise the Absolute cannot, 
without a manifest contradiction in terms, be regarded as 
sustaining a relation of liiceness to anything else. For by the 
definition of the Absolute, it is that which exists out of all 
relation. Thus by the very constitution of the kno A^ing pro- 
cess, we are for ever debarred from knowing anything save 
that which is caused, which is finite, and which is relative. 

If we start from another point of view, and contemplate 
the process of knowing under a different but correlative 
aspect, we shall be driven to the same inevitable conclusion. 
In order to know anything, we must not only recognize it as 
like certain other things, but we must recognize it also as 
different from certain other things. We cognize whiteness, 
not only by its likeness to the whiteness previously presented 
to our consciousness, but also by its difference from redness, 
blueness, or blackness. If all things were white we shoxild 
have no knowledge of whiteness. To constitute an act of 
cognition, distinction is as necessary as assimilation. As 
Mr. Mansel has ably shown, " The very conception of con- 
sciousness necessarily implies distinction between one object 
and another. To be conscious, we must be conscious of 
something ; and that something can only be known as that 
which it is, by being distinguished from that which it is not 
But distinction is necessarily limitation; for if one object 
is to be distinguished from another, it must possess some 
form of existence which the other has not, or it must not 
possess some form which the other has." Accordingly, if we 
are to conceive the First Cause at all, we must conceive it 
as limited ; in which case it cannot be infinite : and we must 
conceive it as different from other objects of cognition ; in 
which case it is relative, and cannot be absolute. 

Finally, we cannot know the Absolute, because all know- 
ledge is possible only in the form of a relation. There must 
be a Subject which cognizes and an Object which is cognized. 
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The Babject ia a subject only in bo far as it cognises the 
object, and the otject is an object only in so far as it is 
coynizad by the aiihjcct. Eliminate eitbt-r one, and the act 
of cognition ia destioyed. Hence Ihn Absohite, if it ia to 
be known, umst be an object exiating in relation to a subject; 
it cannot bi: kuon'n in it^-elf, but only in its relations to the 
knowing mind; tiiat is, it can be known only bj" censing to 
be the Abjolute. 

Thus by whatever road we travel, we are brought np at 
last against the same impassable barrier. By no power of 
conception or subtilly of reasoning can we break down or 
undermine the eternal wall which divides na from the know- 
ledge of things in themselves. If we attempt to frame any 
hypothesis concerning their nature, origin, or modes of action, 
we find ourselves speedily checkmated by alternative im- 
possibilitieB. And if, resting in despair after all our efforts 
have proved fruitless, we inquire why this is so, we find that 
from the very organisation of our minds, we can frame do 
cognition into which there do not euter the elements of 
likeness, difference, and relation ; so that the Absolute, which 
presents none of these elements, ia utterly and for ever 
unknowable. 

What ia the meaning of this conclusion, when translated 
from the metaphysical langnnge in which I have expressed 
it, into language that is somewhat more familiar? It means 
not only that the Deity, in so far as absolute and infinite. 
JB inscrutable by ua, and that every hypothesis of oura 
concerning its nature and attributes, can serve only to ilina 
Irate our mental impotence; but it also means much more 
than thia. It means that the Universe in itself is likewise 
inscrutable; that the vast synthesis of forces without us. 
which in manifold contact with ns is from iufancy till the 
close of life continually arousing us to perceptive activity 
can never be known by us as it exists objectively, but only 
M it affects our consciousness. It means, in short, that we 
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cannot transcend the organically-imposed limits of onr own 
intelligence. We do not know matter, but we know a group 
of coexisteut states of cousciousnesa which we call the 
perceptions of resistance, extension and colour, sound or 
odour. We do not know motion, but we know the group 
of sequent states of consciousness produced by minute alter- 
ations in the muscles of the eyes, or perhaps of the tactual 
organs, in the act of attending to the moving object. Nor 
do we know force, but we know continual modificatious of 
our consciousness which we are compelled to regard as the 
manifestations of force. Nor do we even know consciousness 
absolutely and in itself: we know only states of conscious- 
ness in their relations of coexistence and sequence, likenesa 
and unlikeness. 

Although this ia one of the best-established conclusions of 
modern psychology, it is still a conclusion which requires 
considerable effort to understand in all its implications ; and 
for this reason, as well as on account of its supreme impor- 
tance, it will be desirable briefly to illustrate it from yet 
another point of view. We shall be assisted in comprehend- 
ing the general truth by a set of considerations which show 
that, altliough our internal feelings or states of consciousness 
are constantly produced by external agents, yet we have no 
warrant whatever for assuming that the external agent in 
any way resembles the in'..ernal feeling. For instance, 
although the feelings of redness and resistance are caused 
by agencies without us, we have no wajTant for assuming 
that the external cause of redness resembles '.a feeling of 
redness, or that the external cause of resistiincc resembles 
the feeling of resistance. In other words, we know redness 
and resistance only as phenomena, only as modifications of 
consciousness ; and although we are compelled to refer these 
phenomena to causes which exist externally and which would 
BtiU exist if there were no minds to be affected by them, w« 
ire nevertheless unable to assert that these external causes— • 
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the real things corresponding to the phenomena of redaesa 
and ivsiatance, — arc in any wise like the phenoniena. 

To any one nrtu'itomed t-o examine these matters, such a 
conclusion aesnis much like a truism ; amounting, indeed, 
merely to the statement that we cannot get outside of our 
own mind.?. Nevertheless, it will perhaps not be considered 
a needless prolonging of the argument if I add a few concrete 
illustrations. 

In the first place, it is extremely probable that the kiDd9 of 
feeling awakened by the same external cause are not quite 
alike in any two species of animals. When Wieniawski plays 
his violin in the Music Hall, his human auditors have 
awakened in them those feelings which we designate as the 
consciousness of musical sound ; but if he were to play hia 
violin over a tank containing a number of those mollnsks 
which have no organs of hearing, the feelings awakened in 
them would he wholly different. They would feel a sort of 
Dervous shiver or jar, like that which oar fingers experience 
when holding a vibrating tuning-fork ; and they would very 
likely all shrink into their sheila. In lik« manner, the same 
external agents which arouse well-defined tactual feelings in 
ns, can arouse in a lobster, whose feet aod claws are encased 
in a bony shell, nothing but that vague sort of tactual feeling 
of which we are conscious when we poke things with a 
stick. 

In the second place, it ia extremely probable that the sub- 
jective feelings awakened by the same external cause are not 
quite alike in any two individuals of the same species. In 
those persons who are troubled with Daltonism, or colour- 
blindness, luminous undulations so different as those of red 
and green awaken feelings that are identical. On the other 
band, "aerial pulses recurring at the rate of 16 per second, aiv 
perceived by some as separate pulses ; but by some they ara 
perceived as a tone of very low pitch. Similarly at the other 
extreme. Vibrations exceeding 30,000 per second, are in- 

voi* L o 
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ftudible througl) certaia ears ; while throngh eais that are, u I 
we may suppose, of somewhat onlike structures, these rapid ' 
vibrations are known as an excessively acute sound." ' 

And thirdly, let us notice a set of facts which are so ' 
familiar to us that we overlook their significance. "A whiff 
of ammonia, coming in contact with the eyes, produces » 
smart ; getting into the nostrils, excites the consciousness we 
describe as an intolerably strong odour ; being condensed 
on the tongue, generates an aciid taste ; while ammonia, 
applied in solution to a tender part of the skin, makes it 
burn, as we say." "A vibrating tuning-fork, touched with 
the fingers, gives them a sense of jar ; held between the teeth, 
it gives this sifoe sense to the parts in which Ihey are em- 
bedded, while by communication through the bones of the 
skull, its vibrations so affect the auditory apparatus as t« 
awaken a consciousness of sound — a consciousness whiob j 
alone results, if the tuning-fork does not touch the body," 
" The sun's rays falling on the hand cause a sensation of beat, 
bat no sensation of light; and falling on the retina cause a 
sensation of liglit, but no sensation of heat." Note that in 
all these cases the same external cause produces widely- 
difTerent phenomena according to the different avenuec 
through which it affects our consciousness. The external 
cause cannot resemble all these phenomena, its eHects; we 
do not know which it resembles ; what warrant have we, ^ 
then, for assuming that it resembles any one of them i 

To these examples, cuUed from Mr. Spencer's " Principles 
of Psychology," let me add another, which, though less 
obvious, is equally striking. The compound solar ray, when 
analysed, is found to consist of three sets of relatively simple 

' " It ii (ToliKl'le that the gotennn of ineectt respond to ttnanli which 

leave lu \joiiirib1s, while itimnli which aflt'ct ns leave them nndistnrbed. 
'e kuDW there are a Ihonaood tremoura in the sir icliich beat npOB 



MIT «ara nuheard ; aci if mare seniitive orjiiiia are capable of heaiing soni 
•[ theae, tliere tnuat b« tremoura which uo otgntiiun can feeL" — Liwm 
ProUtmt ^Lif*and Mimd, vol. L p. S5B. 
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raya. Rrst, we have the visible rays of medium refrangi- 
bility, ranging from red to violet, and sometimes called the 
Xewtonic rays. Beyond the violet, in the outlying pottiona 
of the spectrum, lie the so-called Ritteric rays, of t:i>;atest 
refrangibility, which are not visible, but are manifested 
through theii actinic or chemical effects ; these are the rays 
with which we photograph. Beyond the red, at the other 
«Dd of the spectrum, lie the so-called Herschellic rays, of 
least refrangibility, which also are not visible, but are mani- 
fested through their thermal effects. These invisible raya 
differ from the visible physically, oaly by their diSerent 
periods of motion or wave-lengths, In which respect the 
visible rays differ also among themselves, as is indicated by 
their different colours. Bearing this in mind, let us con- 
t«mplat« the remarkable series of effects produced ia our 
consciousness by gradually increasing rates of vibration in 
the particles of matter. Vlbi-ations occurring less frequently 
than 16 times in a second, produce in us the consciousness of 
a succession of noises. Vibrations which occur oftener than 
16 times, but less often than 30,001) times, in a second, 
produce in us the consciousness of musical notes, which are 
higher and higher in pitch as the vibrations are more rapid. 
Vibrations occurring oftener than 30,000 times, but less often 
than 458,000,000,000,000 times, in a second, do not affect us 
ohrongh the ears, but the more rapid ones affect us through 
the nerves of the skin, and produce in us the consciousness of 
heat. Vibrations occurring at the rate of 458,000,000.000.000 
in a second, affect us through the eyes, and produce in us the 
oonfldousness of red h'ght ; at the rate of 577,000,000,000,000 
in a second, they produce in us the consciousness of green 
light ; at the rat« of 727,000,000,000,000 in a second, they 
pioducfi in us the consciousness of violet light. At still 
tiigher rates than this, they cease to affect us through the 
4yes, and indeed produce in us no definite state of conscious- 
at all, thovgh they may be remotely ^ncerned in keep- 
c 2 
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rng np that vague oi^nic feeling of Men-itri or pleasnrablft 
existence, which is in part due to the indirect effects of the 
Jiitteric portion of the solar rays upon the chemical actions 
yoing on throughout onr hoilies. Here, then, we have one 
and the same external agency — vihratious among particles pI 
matter — producing in us feelings bo different as those of sound, 
heati and light. And when it is asked which of these feelings 
the external cause resemhles, is not the answer sufficiently 
obvious that in all probability it resembles none of them, 
and is comparable with none of them? May we not clearly 
see that what appears to us as a series of widely-distin- 
guished phenomena may after all correspond to a set o( 
objective realities between which there is nc snch wide 
distinction ) And do we need any mare evidence to convince 
us that phenomena — by which I mean the effects produced 
upon our consciousness by unknown external agencies — are 
all that we can compare and classify, and are therefore all 
that we can knotof 

Perhaps, however, it may still appear that, in the illnstra- 
tion just cited, we have Bssumed a knowledge of the external 
;ause, to a certain extent. Tn asserting that the feelings of 
hOund, of heat, and of light, are alike caused by vibrations 
among particles of matter, we may perhaps seem to imply 
that we do know these vibrations, and we may be suspected 
of formulating the various states of consciousness in question, 
in terms of the objective reality. • But a moment's reflection 
will convince us that this is not the case. After the illustration 
with which this chapter opened, it is hardly necessary to say 
that the knowledge of a vibration of particles as an objective 
reality, is utterly unattainable by us. We reach the concep- 

' In hia paper on " Hihernioianis in Philosophj " (CBniempomr]) lUviaiB, 
Imaary 1872, p. 147], tliv Duke of Ar^^ll himself commits the fnllowing 
axquisite hail : — " We now know vhst light is 'in itself — that it to ntjr, wi 
Wnatir the nntaro kad constitutbn of it, not in terma of the aensation it givet 
toua, hat in Itnnnif a vdtoUg d^fftrtiU erdir ^ lonaptioih." Ilw itaJic* ui 
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tJon of a vibration of particles only by inference from the 
states of consciousness aroused in us by visible or palpable 
vibrations. Certain subjective experiences of nndulatory 
movement, as when a pebble is dropped into still water, or ad 
when a string is made fust by one end and twitched at the 
other, beget in us the conception of vibration ; and this con- 
ception we transfer in thought to those molecules and atoms 
of which we believe material bodies to be constituted. So far, 
then, from interpreting our feelings of light, heat, and sound, 
in terms of the objective reality, we Lave merely been inter- 
preting cerlain states of consciousness in terms uf other states. 
Or, to put the same statement into diiferent language, we have 
regarded the phenomena of sound, heat, light, and actinism, 
as adequately ej:plahitd, when we have classitied them with 
certain otiier phenomena of vibratory motion. We merely 
affirm that a cause which, under a given set of conditions, 
will produce certain states of consciousness within us, will, 
under a different set of conditions, produce certain other 
Btates of consciousness. Concerning the nature oi the cause, 
whether we call it vibration, or are content to go on calling it 
heat or light, we aE&rm nothing, and can know nothinjj. 
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tir ntting forth and illustniting the cohcIubIoq that we ean 
only know that which ia caused, which is finite, and which is 
relative, we have virtually rejected as impracticable and OBe- 
less a large number of the inquiries with which philosophy 
has habitually concerned itself. Both by practical examples, 
and by a series of mutually -harmonious deductions from the 
mode in which our intelligence works, as revealed to us by 
psychologic analysis, it has been shown that we are for ever 
debarred from any knowledge of the Absolute, the Infinite, or 
the Uncaused; that we can affirm nothing whatever concern- 
ing the ultimate nature of Matter or Mind ; and that all our 
knowledge consists in the classification of states of conscious- 
ness produced in us by unknown external agencies. Never- 
theless from the earliest times, philosophy has busied itself 
in attempts to reach tenable conclusions respecting the nature 
and attributes of the absolute and infinite First Cause ; it has 
ever tacitly assumed that the ultimate nature of Matter as 
well aa of Mind constitutes a legitimate subject of investiga- 
tion ; and that from the knowledge formed by the organized 
experience of recurring states of consciousness, we can in 
tome mysterious way rise to a so-called higher grade of 
Knowledge, in which realities no less than phenomena may 
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become the object of thought. The earliest philosophio 
Bpeculatious of the Greeks dealt almost exclusively with 
the origin of the TJaiverse, and the Dftture of ita trpdrrj apx>i 
or First Cause, or with just such theories of the ultimate 
constitution of matter as we saw in the previous chapter 
leading us to alternative impossibilities of thought. In the 
PartJtenidr^ and Sophistes of Plato we may find, preseutod with 
unrivalled acutenesa, though rflndered dreary by endless 
verbal quibbling, many of the same inquiries concerning the 
nature of the Absolute which we have been led to condemn as 
impracticable. Is the Absolute One or Many ? Is the One 
Finite or is it Infiuite ? And these inquiries, in the first- 
named dialogue, lead up to the same sort of startling 
paradoxes which we have already signalized as the inevitable 
outcome of speculation upon such subjects. In bis first 
argument, Paiinenides demonstrates that the One is neither 
in itself nor in anything else, neither at rest nor in motion, 
neither the same with itself nor different from itself. In bis 
second argument, be demonstrates that the One is both in 
itself and in other things, both at rest and in motion, both the 
same with itself and different from itself That is, while his 
fimt demonstration denies both of two opposite and mutually 
destructive propositions, bis second affirms them both. 

There is no doubt that after Plato's time the Greeks felt, 
thongh they did not distinctly comprehend, the futility of 
such inquiries. By the successors of Plato, philosophy was 
brought into a state of more or less complete scepticism as to 
the possibility of any trustworthy knowledge whatever. " We 
assert nothing, — not even that we assert nothing," was the 
extravagant dictum of one of the later schools of Greek 
philosophy. Aud finally pliiloaophy ceased from ita indepen- 
dent inquiries, being merged in theology by Proklos, who, 
hopeless of attaining absolute knowledge by any exertion of 
tht) intellectual powers, was driven to assert the existence 
of ■ divine Buperoatuial light, by which the soul being 
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irrsdiated might tbus alone catch glimpsea of the exlerndl 
reality. 

The later career of philosophy furnishes h3 with the same 
kind of illustrutiona as i!s earlier stages. After its revival 
in the Middle Ages, philosophy again proceeded to treat of 
the same kind of questions as those wliich had baftled the 
keenest and most subtle intellects of antiquity. In the eager 
scrutiny of tlie nature of things, the scholastic metaphysicians 
thought little of asceitaining the relations of coexistence and 
BQccession among phenomena. Their disputes were about 
qniddities. entities, occult virtues, and efficient causes. Nor 
in modern times do we find that philosophy has been at all 
disposed to recognize the limits which we have here found 
ourselves obliged to impose upon it On the other band, 
modem metaphysicians have generally proceeded upon the 
tacit assumption that the possibilities of thought are co- 
extensive with the possibilities of things, and that any train 
of propositions which can be clearly conceived and logically 
concatenated, must be true. It was upon this assumption 
that Malebranche founded his theory of Occasional Causes, 
and Leibnitz his doctrine of Pre-established Harmony. It 
was upon this that Spinoza constructed a theory of the 
universe, tlie most gigantic in conception, and the most 
uptt'.'L-hingly logical in execution, of all metaphysical 
theories, Upon this also, rests the Kantian doctrine of 
Necessary Truths; and upon this most treacherous foun- 
dation has been more recently built the lofty but unstable 
structure of Hegelism. 

Since Bacon's time, it is true, there have appeared — for the 
moat part in England — a number of eminent thinkers, who, 
asserting the relativity of human knowledge, and avowedly 
renouncing the attempt to solve the mysttrics of objective 
existence, have occupied themstilves with psychological pro- 
blema. To these thinkei-s — Hobbes, Locke, Beikeley, Hume 
Hartlay, Brown, James Mill, Hamilton, and Manael — a lai:ga 
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proportion of the conceptions now current and dominant in 
philoBopby are due. Nevertlieless, aa we aliall see by and bye, 
even these pbiloaopbers have not always made their practice 
coincide with their preaching. Though they have asserted, 
and were indeed the first to assert clearly, the doctrine of the 
Belativity of Knowledge, they did not always cany in theit 
minds its full import ; and were betrayed not unfrequently 
into making statements which imply that the posaibilitiea of 
thought are coextensive with the possibilities of things. 

It may appear, therefore, that in our rigorous denial of the 
possibility of absolute knowledge, we shall not have the 
countenance of the most eminent philosophei-a who have 
lived. It may be thought that their works will testify against 
ua. We shall perhaps be accused of :egarding the noble laboura 
of so many generations of gifted thinkers ae a mere imprac- 
ticable striving after that which no striving can procure, — aa 
the crying of infanta for the moon, or as the groping of the 
alchemist for the philosopher's stone. And it will no doubt 
be indignantly asked, by what litle do we pretend to philo- 
sophize at all t In rejecting as for ever insoluble so large a 
proportion of the inquiries with which philosophy has until 
lately busied itself, do we not virtually declare philosophy 
to be autinuated and useless ? 

To neither of these accusations can we consent to plead 
guilty. Id replying to the first, it may indeed be granted 
that those who rigorously maintain that Absolute Being is 
unkuowable, will naturally regard the laboura of Plato and 
Spinoza, and Hegel, as a vain seeking after that which cannot 
be found. But it does not follow that such seeking is to be 
Rondemned as worthless. It was only after many attempts 
had failed, that we could learn that the failure was due not 
to curable but to incurable weakness.^ It was only after all 

' "Tlie ttady of the mnater-miady of the humnn race is almogt eqnaUT 

:_.. !_. !- „||j[ ,]jj.y achi'-ved and in nhnt they fjiilcd to schieTo : utd 
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possible deTices of attack had proved fruitless, tliat we oould 
realize the truth that we had been assailing an iucxpugaable 
fortress. Had we not been taught by many a bitter defeat, 
we Bhould never have learned the leal extent of our powers. 
Had not metaphysics reared many an apparently-solid edifice, 
which fell into unshapely ruin at the first rude blast of 
criticism, psychology might never have troubled itself to 
examine the soil upon which all such edifices must be 
founded. Nay, it may be truly said, that though philosophere 
have failed in what they hnve consciously attempted, they 
bave nevertheless unwittingly achieved a result greater 
than any of those which they have sought to obtain. By 
their long career of heroic defeat, they have fumiched ua 
wit'^ a concrete demonstration, almost superfluously ample, ot 
the relativity of human knowledge. By exhausting all 
possible hypotheses respecting the objective reality, they have 
made it apparent that no tenable hypothesis can be framed. 
In the very failure to obtain one kind of truth, they have 
demonstrated for us a truth of another sort, — a truth which 
must for the future lie at the bottom of all succrssful research. 
Is not this then a worthy result ? Remembering bow steep 
and laborious is the path of human progress, is not the 
definite establishment of one fundamental truth like the 
Relativity of Knowledge an achievement worthy to crown 
the efforts of twenty-five centuries 1 Shall it take two oi 
thi'ee generations of weary experimenting to bring into 
existence some incarnation of material force like the steam- 
engine, and may it not take a hundred generations for the 
human mind to ascertain for itself experimentally what it can 
know and what it cannot know I 

To the second accusation we may return a straightforward 
deniaL In asserting the impossibility of acquiring absolute 
knowledge, or of ascertaining aught respecting the nature of 
mind and matter and the origin of the universe, we do not 
detbroue Philosophy ; we do not condemn it as antiquated 
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and useless ; we do oot leave it oothmg with which to occupy 
itself. On the contrary, we do but enthrone it more secordy 
than evor; and we leave it in possession of quite as goodly a 
realm as that in which our metaphysical predecessors would 
fain have established it. 

In order to show how this ccn be true, it will be 'asnjc^x.y 
forme to define, somewhat atlength.the Scope of Philoaopiiy, 
— to indicate the nature of the in qui vies with which 
philosophy may profitably be concerned. And since philo- 
sophy may be correctly though rudely defined as a kind of 
knowledge, it will first be desirdble to indicate the essential 
distinctions h.'tween the difi'ei'ent orders of knowledge, — to 
show in what respect philosophy differs from science, and in 
what respect both philosophy and science differ from that 
comparatively imperfect kind of knowledge which is the 
common propei'y of uncultivated minds. 

Though science has been often vaguely supposed to be 
something generically distinct from ordinary knowledge, yet 
the briefest consideration will suffice to show us that this is 
not the case, but that scientific knowledge is only a higher 
development of the common information of average minds. 
In the first place we shall see that the process gone through, 
and the resnltH attained by the process, are not generically 
different in scientific and in ordinary thinking. 

All knowledge whatever is, as we have seen, a classifica- 
tion of experiences. No intelligence or intelligent action is 
possible unless the distinctions among surrounding phenomena 
V<e detected and registered in the mind. Even the lowest 
animal can only preserve its existence on condition that 
different external agencies shall affect it in different ways. — 
that different sets of circumstances shall cause it to put forth 
correspondingly different sets of correlated actions. Perhaps 
it is sufficient for these siniply constituted creatures to 
distinguish between the organic and inorganic matteis present 
in their environment, or between light and darkuess, as we 
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Bee ft freshwater polyp seek the darkest corner of a Tessel 
exposed to direct suii]i<^ht Aioon^ the higher animalB 
possessed of developed organs of sense and of relatively- 
complex nervous systems, the classilyiug process is carried to 
much greater completeness. Along with a tolerably wide 
set of distinctions between vaiiuus classes of plants and 
weaker animals that are more or less useful and desirable as 
food, and between vai'ious classes of inorganic phenomena 
that are serviceable or dangeroua, and of stronger animals 
that are to be dreaded as enemies:, — there ia also a clear 
perception of the distinct modes of action involved in the 
acquisition of desired objects, and in the escape from menacing 
dangers; forming an aggregate of knowledge which implies 
quite an extensive comparii^on and classification of ex- 
periences. Besides all this, there is a set of special distinc- 
tions between special orders of phenomena, between the 
various kinds and degrees of sound, odour and temperature, 
which in some cases exceed in discriminative accuracy any of 
the corresponding empirical distinctions which the human 
mind is able to recognize. And in the dog, wlio has from 
time immemorial been the friend and servant of man, there 
is superadded to all this a rudimentary moral classification of 
actions as praiseworthy or blameworthy, as ia seen, for instance^ 
in his guilty attitude when detected in committing a raid 
upon some neighbouring sheepfuld. Coming lastly to man, 
but little illustration will be needed to show that hia acquisi- 
tion of knowledge is in like manner the progressive establish- 
ment of distinctions. The supremely important knowledge 
which we acquire during early infancy consists in the mental 
grouping of objects according to their various properties ; in 
the gradual recognition of distinctions between hardness and 
softness, sweetness and acidity, rigidity and elasticity, rough- 
nesa and smoothness, humidity and dryness, roundness ind 
tnimlarity, — between various shades and intensities of temper- 
iture, of sound, and of colour, — between matter which resiata 
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And spftce whicli does not resist. Later in life, onr intellectual 
education conaista still in the progressive grouping of ex- 
periences. That portion of it which we habitually designate 
u practical consists in the more and more complete distribu- 
tion of ends {as variously desirable or undesirable), and of 
the relations between ends and means ; while the educatiott 
which we more especially characterize as theoretical consists 
in the more and more complete distribution of ^>^r acquired 
notions into well-deBned groups, mathematical, ^jnysical, or 
physiological, legal or ethical. He who has so aistinctly 
classified his experiences of the connections between certain 
courses of action and the resulling feelings of happiness or 
misery that he can usually decide upon any line of conduct 
with a clear perception of its consequences, is what we call a 
prudent man, or a man of Sound judgment. While, as Mr. 
Mill has somewhere observed, that man is most completely 
educated who has the clearest sense of the connotations of 
the words which he uses ; who understands most thoroughly 
and feels most keenly the fine shades of distinction between 
allied groups of conceptions, which leas perfectly educated 
persons are liable to confuse together and to reason about as 
if they constituted but a single group, Such a man possesses 
what Sainte-Benve calls the sense of nuance; an intellectual 
characteristic which is, perhaps, nowhere more habitually 
exemplified than in tlie charming pages of that most con- 
summate of critics. 

And this leads me to observe — what indeed the whole of 
the above survey implies — that since knowledge is classifica- 
tion, the completeness of the classification varies with the 
degree of intelligence. Minds in a low stage of development 
can distinguish only between widely-contrasted phenomena. 
The classifications of which they are capable consist of bat 
few groups, indefinite in their extent and incoherent in their 
materials; while the progressive increase of intelligence 
consists in the progressive estAbliahment of sub-claases of 
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pheaomena, that are continually less and leas widely cun- 
trasted, that are more and more accurately defined in their 
limits and more and more coherent in their materials. And 
the ultimate perfection of knowledge would be the recogni- 
tion of all the distinctions which exist between phenomena, 
and the consequent eittablishment of classes whose members 
would be completely alike among themselves, while tiulike 
the meinbera of all other classes. Manifestly such knowledge 
would be, in the fullest sense of the term, scientific 
knowledge ; which is thus seen to be merely a higher and 
more complex development not only of the knowledge of 
ordinary matters which we do not regard as scientific, but of 
the rudimentary knowledge possessed by infants, by savages, 
and by the lower animals. The dog or lion has no doubt 
established in his mind the distinction between the bright 
Bky of day, illuminated by a single daz?:liTig orb, and the 
pale sky of night, spangled with a multitude of twinkling 
points. The savage who in his nocturnal prowlings guides 
himself by the stars has rudely classified these objecta 
in their relations of position. The shepherds of ^Mesopotamia 
and the agriculturists of Attika superadded the distinotionB 
between stars which regularly traverse the same apparent 
paths and stars which pursue an erratic course ; and intheir 
classifications of stars according to their times of rising and 
Betting we have an example of a rudely-scientific method of 
proceeding. Finally by the modern astronomer the heavenly 
bodies are minutely classified according to r': •'•t mutual 
relations as suns, planets, or satellites ; according to their 
visible magnitudes, or the angles which they subtend on the 
field of vision ; according 1 1 their orbital courses, their 
angular velocities, their axial inclinations, their specific 
gravities, etc., wherever these have becT ascertained ; and 
lately in some feiv instances, according to their physical con- 
stitutions in so far as light has been thrown upon this point 
by •pectnim-analysis. In like manner the lowest savagt 
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hu noted the wide contrast bstween plants and animalB ; 
and in each of these great groups has furthermore made 
sub-classes comprising respectively those which are useful as 
food or as medicine for wounds, and those which are to be 
ehunned as poisonous or otherwise dangerous. Whilcj on 
the other hand, the scientific naturalist divides and subdivides 
until he acquires distinct conceptions of thousands of species 
of insects, and ranks trees in separate classes according to 
the myriad-fold shapes of their leaves, the spiral arrange- 
ment of their branches, the number of their cotyledons, oi 
the mode of disposition of iheir woody fibre. 

All this will appear in a still clearer light when we 
remember that the various processes which we habitually 
group tc^ether under the name of " reasoning " are all o( 
them acts of classification. "The savage, having by ex- 
perience discovered a relation between a certain object and 
a certain act, infers that the like relation will be found in 
future cases." . . . When in consequence of some of the 
properties of a body, we attribute to it all those properties in 
virtue of which it is referred to a particular class, the act ia 
an act of inference. " The forming of a generalization ia the 
putting together in one class all those cases which present 
like relations ; while the drawing a deduction is essentially 
the perception that a particular case belongs to a certain 
class of cases previously generalized. So that, as classifi- 
cation is a grouping together of like things, reasoning ia a group- 
ing together of like relations among things. And while the 
perfection gradually achieved in classification consists in the 
fcnnation of groups of ohjeet^ which are completely alike, 
the perfecLion gradually achieved in reasoning consists in the 
formation of groups of caset which are completely alike."' 

Since knowledge consists in classifying, it follows con- 
versely that ignorance consists in inability to classify — ^in 
the fail'tre to group together similar phenomena; and that 
) Spencer'a Enay; l*t Hriei, p. 139. 
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error consi3';3 in wrongly classifying, in the grouping together 
of plienomena which are really distinct When we say that 
a child is ignorant that nitric acid will hnrn, we mean that, 
he has never ranked together the like eases of a finger 
immersed in nitric acid and a finger thmst against heated 
metal, Wlien we say that the ancients were in ignorance 
conceding the force which keeps the planets in their orbila, 
we mean that they did not know what that force is like — 
that they had never gronped together the like cases of the 
earth attracting the moon and the earth attracting an apple. 
And wlien we say that they were in error in attributing the 
moon's motion to the volition of a preuiding goddess, we 
mean that they grouped together the unlike cases of the 
motion of a heavenly body through the sky and the motion 
of a chariot driven by its charioteer along the ground. So 
when we say that we do not fnlly understand the coronal 
flames and other singular plienonieua presented by the 
eclipsed sun, we mean that we have not yet entirely sno- 
ceeded in grouping them with other phenomena of which 
we have heretofore had experience. And when we say that 
we cannot now or at any future time know the Absolute, 
we mean that there ia not now and never can be, anythiag 
given in cnr experience with which we can classify it. 

Having thus, at the risk of tediousness, shown in detftil 
the essential identity of the processes involved in science 
and in ordinary knowledge, let ns go on to enumerate the 
respects in which science differs from ordinary knowledge, 
bearing in mind as we proceed that such distinctions can 
only hold good to a certain extent. They are not differencea 
of kind, but differences of degree. 

In the first place we may say that science differs from 
ordinary knowledge in its power of quantitative prevision — o) 
assigning beforehand the precise amount of effect which will 
be produced by a given amount of cause. Mere prevision 
is not, 88 is sometimes assumed, peculiar to science. We 
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frequently Itear it assigned, as tue distinguishing clitirao- 
teristic of scientific Itnowledge, tiiat it enables ua to predict [ 
and the infallibility of the predictions of science is commonly 
alluded to as among its greatest triumphs. Neverthelesa, 
when the schoolboy throws a atone into the air, he can pre- 
dict its fall as certainly as the astronomer can predict the 
recurrence of an eclipse; but his prevision, though certain, 
ii rude and indefinite. The sei-vant-girl has no need of 
chemistry to teach her that, when the match is applied, the 
fire will bum and smoke ascend the chimney ; but she is far 
from being able to predict the proportional weights of oxygen, 
and carbon which will unite, the volume of the gases which 
are to be given off, or the intensity of the radiation which is 
to warm the room. Her prevision is qualitative, not quanti- 
tative in its character : she can foresee the kind of effect, bnt 
not its amount. 

A moment's reflection, however, will show ns that this 
statement, as it stands, does not convey the whole truth. It 
is not quite true that our servant-girl can foresee the kind of 
effect. She can foresee a part of it : she can tell us that tlie 
wood will burn, but she will know nothing about the union 
of oxygen with carbon ; and will thus illustrate the super- 
iority of science even with respect to qualitative prevision. 
On the other hand, she can, after a rude fashion, foresee the 
amount of effect which will follow her proceedings ; since 
she can, if intelligent, estimate the amount of fuel which 
will be required to produce a comfortable warmth. So the 
savage can estimate the amount of tension which he must 
impart to his bow in order to send his arrow to the requisite 
distance. Thus we see that, even with respect to quantitative 
prevision, science can be distinguished from ordinary know- 
ledge only by the superior accuracy and greater extent to 
which it carries such prevision. Just this same difference of 
d^pree between science and ordinary knowledge constitutes 
also the chief difference between the more developed and the 
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less developed sciences. The sciences which have arrived 
at the higliest perfection are those which have carried quan« 
titative prevision to the farthest extent. Between astronomy, 
which can foretell the precise moment at which a solar 
eclipse will begin a hundred thousand years hence, and 
meteorology, which cannot surely foretell from week to week 
tlie state of the weather, there is an almost immeasurable 
difference in scientific completeness. The chemist can pre- 
dict the exact quantity of effect which will be produced by 
mingling a new substance with any given compound, the 
properties of which have been studied; while the physio- 
logist cannot surely predict the exact amount of effect which 
will be produced by a drug that is introduced into the 
organism ; and we accordingly consider chemistry a much 
more advanced science than physiology. And lastly, let us 
note that the date which we habitually assign for the com- 
mencement of any science is the date at which its previsions 
began to assume a definitely quantitative character. Dyna- 
mics is said to have become a science when Galileo deter- 
mined the increment of velocity of falling bodies. Chemistiy 
became a science when Lavoisier, De Morveau, and Dalton 
discovered the exact proportions in which the most im- 
portant chemical combinations take place. No science of 
boat was possible until the invention of the thermometer 
enabliHl men to measure the degrees of temperature. There 
was no science of optics until it had been ascertained that 
the sines of the angles of incidence and reflection or refrac- 
tion l>oar to each other a constant ratia And with Mr. 
Joule's discovery that a certain number of degrees of heat is 
equivalent to a certain amount of mechanical motion, theie 
l>ooomes pi>ssiMe a science of thermodynamics which ahaS 
expross by a sin^^le sot of formulas the activities of totom 
hitherto treatoii as gonerically diff^orent 

The second difference of dc^nve between edence and 
ciduiary knowledge oonsists in the greater rvmolesiott of tii» 
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relations of likeness and unlikeneaa which science detects 
and classifies. The child who, when an orange is presented 
to him, infers tlmt on sucking it he shall ex|>eneQce & 
pleasant taste; the savage who, finding the half-eaten 
carcass of a sheep, concludes that a liun has been in the 
neighbourhood; and Levemer, who, noticing that the ob- 
■erved motions of Uranus do not cfiincide with its motions 
as predicted, suspects the existence of a still remoter planet 
which disturbs it — go, all of them, through what is essen- 
tially the same process. The child has menially grouped 
together the attribntea of an orange ; and when certain 
members of the group — as the shape and colour are after- 
wards presented to hia consciousness, there occurs a mental 
representation of the remaining member — the agreeable 
taste. The savage, from direct or hearsay experience, has 
grouped together many cases of the eating of sheep by lions, 
and from the presence of a certain number of the customary 
phenomena, he classifies this new case with his ah-eady- 
formed group of cases ; he assigns for the phenomenon a 
cause like the causes which he has known. The astro- 
nomer haa linked iudisaolubly in hia mind the phenomena 
of celestial motions with the phenomena of gravitative force, 
and has grouped many cases in which such force, brought to 
bear on a planet from dififereut quarters, causes irregnkritiea 
of motion. When, therefore, in the instance before him, 
after calculating the resultant of all the known forues in 
operation, he finds a residuum of motion which is unac- 
counted for, what does he do? He infers a like force as the 
cause of the residuary motion ; and since there is no force 
witboub matter, he infers the existence of planetary matter 
other than the planetary matter already taken inio account 
He enlarges his group of cases in which planets perturb each 
other'a courses, by admitting v hypothetical like case ; and 
forthwith proceeds to calculate, irom the amount of residuary 
mctioo, the size, distance, and orbit of the unknown plauet 
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N-i'liing can better illustrate the statement that scientific 

and ordinary knowledge are alike ii kind, while different in 
degrea While the processes gcf through by the child, the 
savage, and the astronomer, are manifestly the same, the 
immeasurable difference in the complication of the processes 
is equally manifest. While the inference in the one case is 
made instantaneously, so as almost to seem a part of the 
original perception, and while it admits of verifieation by a 
Beries of simple acts, — in the other case the inference is one 
which depends ultimately upon a long chain of dependent 
propositions, and the task of verifying it mathematically ia 
exceedingly complicated and difficult. Thus to our state- 
ment, that science differs from ordinary knowledge in the 
definiienisi of its previsions, we have to add that it diflers 
also in the remoteness and complexi/i/ of its previsions. 

Thirdly, science difFers from ordinary knowledge in the 
greater gentralily of the relations which it classifies. And 
this continuous increase in generality is one of the most 
striking characteristics of advancing science, "From the 
'particular case of the scales, the law of equililirium of which 
was familiar to the earliest nations known, Archimedes 
advanced to the moxB general case of the unequal lever with 
unequal weights ; the law of equilibrium of which includes 
that of the scales. By the help of Galileo's discovery con- 
cerning the corapo-sition of forces, D'AIemhert established for 
the first time the equations of equilibrium of any system of 
forces applied to the different points of a solid body — equa- 
tions which include all cases of levers and an infinity of cases 
besides." But, as Comte observes, "before hydrostatics 
totild bo comprehended under statics, it was necessary that 
the abstract theory of equilibrium sbonld be made so general 
as to apply directly to fiuids as well as solids. This was 
accomplished when Lagrange supplied, as the basis of the 
hole of mechanics, the single principle of virtual velocities," 
-or the principh that whenever weights balance each othei; 
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" tbe relation of one 8et of weights to tlieir velocities equals 
the relation of the other set of velocities to their weights." 
So geometry iu ancient times treated of questions relating to 
particular figures ; hut since the great discovery of Deacartts, 
it has dealt with q^uestions relating to any figure whatever. 
So, in the progress of analytical mathematics, we have first 
arithmetic which "can express in one foiiimla the value of 
a particular tangent to a particular curve ;" and, at a later 
date, algebra, which can express in one formula the values of 
all possible tangents to a particular curve ; and, at a still 
later date, the calculus, which can express in one formula 
the values of all possible tangents to all possible curves.' 

Fourthly, science is continually more and more clearly 
differentiated from ordinary knowledge by the continually 
incieasing abstractntss of the relations which it classifiea. 
This proposition ia involved in the preceding one. For 
clearly the progress towards higher and higher generality ia 
the progress towards a knowledge more and more inde- 
pendent of special circumstances — towards a study of the 
phenomena most completely disengaged from the incidents of 
particular cases. 

And finally science difiers from ordinary knowledge in its 
higher degree of organization — in the far greater extent to 
which it carries the process of coordinating groups of like 
orders of relations, and subordinating groups of higher and 
lower orders of relations. This we habitually regai-d as such 
a fundamental cliaractei istic of scientific knowledge that we 
grant the title of science to some departments of inquiry 
which possess it, in epite of the fact that the only prevision 
which is possible in them is neither certain nor quantitative. 
Take, for instance, the case of biology. If quantitative pre- 
vision were the only thing which distinguishes science, we 
could hardly pretend to possess a science of life. Our power 
of prevision in biology ia for the most part strictly limited to 
> Speocer'a £saiys," lat eeriei, pp. 177 — ISO. 
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the kind of effect vhich ■^iW follow a given canse ; it is 
seldom, if ever, that we can foretell the precise amount of 
effect ; and even with respect to the kind of effect, we cannot 
alwa^fi be sure beforehand. Bio]o<:y is not an exact science. 
like chemistry, and perhaps never will he. Nevertheleae, 
' biolofty is such an admirahly organized body of truths ; ita 
* classification, both of objects and of relations, has been 
carried to such a considerable extent ; and the subordination, 
the mutual coherence and cengniity of its verified proposi- 
tions is so striking ; thut we should no more think of doubting 
its claims to be called a science than we should doubt the 
claims of astronomy. 

Thus we may end our comparison of acientific with nnscien- 
tific knowledge. Alon^ witli generic identity between the 
two, we have noted five points of gradational difference, Wa 
have seen that science and common knowledge alike cuiisist 
in the classification of phenomena in their relations of co- 
existence and sequence. But we have also seen that science 
differs from common knowledge in its superior power of 
quantitative prevision, in the remoteness, the generality, and 
the ahstractness of the relations which it classifies, and in the 
far more complete mutual subordination and coherence of its 
gronps of notions. Such are the distinctive marks of science, 
regarded as a kind of knowledge. What now are the distinc 
live marks of philosophy, regarded as a kind of knowledge? 

The metaphysical philosophers, whose conclusions, methods, 
and postulates were rejected in the preceding chapter, would 
have replied to tlie above question, that philosophy isgeneri- 
cally difl'crent from science, — that philosophy is the know- 
ledge of the absolute, the infinite, the uncaused, the objective 
reality, while science is the knowledge of the relative, the 
finite, the caused, the euhjective state, — that while the latter 
can concern itself only with phenomena, or things as they 
ejcist in relation to the percipient mind, the former can aspire 
to the knowledge of noumena, or things as they exist iode- 
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pend nlly tLaA nnt of ntlation to the p'^tcipient mind. Such 
would have been their answer. But we have seen that no such 
knowledge of nounaena is possible, that the very nature of the 
cognitive process precliiilea any such knowledije, and that, if 
philosophy is to be regarded as knowledge at all, it can have 
no such scope and function as metaphysicians have Hssigned to 
it. What scope is there left for philosophy ? If, like sciunce 
and common knowledge, it is nothing more than a classiiication 
of phenomena in their relations of coexistence and sequence, 
what is tlierelefl lor it to do which scieuoe cannot do as well? 
We reply that science can, after all, deal only with par- 
ticalar orders of phenomena. No matter how vast the gene- 
ralities to which it can attain, it only proclaims truths which 
hold throughout certain entire classes of phenomena. It 
does not proclaim truths which hold throughout all elastics of 
phenomena. Its widest truths are astionomic, or chemical, or 
biological truths ; they are not Cosmic truths, in the fullest 
sense of that expression. For by science we mean merely 
the sciences, — the sum of knowledge obtained by systematic 
inquiries into the various departments of phenomena. Such 
knowledge is, after all, only an aggregate of parts, each oi 
which is more or less completely organized in itself: it is not 
an organic wh')le, the parts of which are in their mutual 
relations coordinated with each other. Or, to put the same 
truth in another form : — The universe of phenomena is an 
organic whole, the parts of which are not really divisible, 
though we must needs separate thefn for convenience of 
study. We find it necessary to pursue separate lines of in- 
vestigation forgravitative, or thermal, or chemical, or vital, 
or psychical, or social phenomena ; but in reality these 
phenomena are ever intermingled and interactive. Let us, I'or 
example, arrive at the widest possible generalization respect- 
ing astronomic phenomena ; wc have still not constructed a 
body of doctrine concerning the universe, but only concern- 
ing a portion of it. It is only when the deepest tinllii 
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respecting physical, cliemical, vital, psychical, and social plie- 
nomena come to be regarded as corollaries of some universal 
truth — some truth common to all tliese otdtra of phenomena 
— that Buch a body of doctrine becomes possibla 

Such a body of doetriiie is what we call philosophy in dia- 
EtinctioQ from science While science studies the parte, 
philosophy studies the whole. While science, in its highest 
development, is an aggregate of general doctrines, philosophy, 
in its highest development, must be a Synthesis of all generul 
doctrines into a universal doctrine. When Lagrange, by his 
magnificent application of the principle of virtual velocities 
to all orders of mechanical phenomena, fused into an organic 
whole the various branches of mechanics which had hitherto 
been studied separately, this was a scientific achievement of 
the highest order. When Grove and Helmholtz, by showing 
that the various modes of molar and molecular motion can be 
transformed into each other, furnished a common basis for 
the atiidy of heat, light, electricity, and sensible motion, the 
result, though on the very verge of philosophy, still remained, 
on the whole, within the limits of science. But when the 
principle of virtual velocities and the principle of the correl- 
lation of forces were both shown to be corollaries of the prin- 
ciple of the persistence of force^were both shown to be 
necessitated by the axiom that no force is ever lost — ^theu the 
result reached was a philosophical result. So when Von Baer 
discovered that the evolution of a living organism from the 
germ-cell is a progressive change from homogeneity of Btmo- 
ture to heterogeneity of structure, he discovered b scientific 
truth. But when Herbert Spencer applied Von Baer'a for^ 
mula to the evolution of the solar system, of the earth, of the 
totality of life upon its surface, of society, of coiiscious intel- 
ligence, and the products of conscious intelligence, then he 
discovered a truth in philosophy, — a truth applicable not 
niei^Iy to one orderof phenomfDa, but Lt all orders. 

Ilieae illustratioas, howuver, do not bring out distiitctl; 
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enough the point which I am endeavouring to elucidate. The 
difference between philosophy and science, like the difference 
between science and common kuowkdge, is a difference in 
degree only. But tlie distinction is nevertheless a broad one, 
and 89 s'jch is somewhat understated in the foregoing para- 
graph, because the examples there cited on tbe side of science 
are all tnlten from that transcendental region of science in 
which its problems begin to have implications almost as 
universal as the problems of philosophy. Thoroughly to 
estimate the character of the distinction, we shall do well to 
start somewhat further dowo, and note what the science is 
which is contained in text-books or in original monographs. 
Viewed from this stand-point, a science like biology, for 
example, has for its subject-matter questions concerning the 
changes undergone by starch or fibrine within the stomach, 
die distribution of cells and fibres in the tissue of the brain, 
tbe relations of blood-supply to the functional activity of any 
organ, the manner in which the optic nerve is made to respond 
diversely to rays of different refrangibility impinging upon 
the retina, or the growth of bone fi'om sundry centres of 
ossification starling here and there in the primitive cartilage ; 
or again such questions as concern the generic or ordinal 
relationships of barnacles, or bats, or elephants, the liomologies 
between a bird's wing and a dog'a fore-leg, the geographical 
distribution of butterflies, or ferns, or pine-trees, tho typical 
structures of vertebrates or annnlosa, or the kinships between 
fossil forms of the horse and pig. In these questions, and a 
thousand others like tbem, we see at once that we are in the 
special domain of biology, and that our reasonings belong 
unmistakably to science, and not to common knowledge on 
he one hand, or to philosophy on the other. If now. after 
biastering countless details of this sort, we go en to inquire 
into the cause of the bilateral symmetry of lobsters itnd 
ooitipedes, or of the spiral arrangement of leaves around a 
Ctem; if we seek to generalize the phenomena of heredity, 
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or liybridify, or edajitation, or, if we endeavour, with lUx 
Darwin, to determine the agency of nalural selection in 
modifying the characteristicB of species ; we are still no 
doubt within the territory of science, but we havu arrived at 
a region in which the inquiries take so wide a sweep, and the 
results have so immediate a bearing upon other inquiries 
outside of biology, that our study may seem to demand some 
especially descriptive name. Accordingly we fiud the phi-ase 
"transcendental biology" employed by French writers, and 
elsewhere we meet with the significant title "philosophical 
biology." Still more significantly Mr. Spencer, wlioae treatise 
on biology is occupied with researches of this high order, 
stK-aks of them as constituting a domain of "special philo- 
sophy." That is to say, just where this science has reached 
the videst generality consistent with its being called biology 
at all, it is characterized aa a fecial kind of philosophy. But 
one more step is needed to reach the level of that philosophy 
which need not he qualified as special. If, pui'suing the 
same line of advance, we proceed — as I shall hereafter 
do — with the aid of the most general principles of heredity, 
adaptation, and imtursl selection, to elucidate some com* 
prehensive theory of life ; and if we contemplate this theory 
of life, on the one hand, as dependent ou certain universal 
laws of matter, motion, and force, and ou the other hand, as 
furnishing a basis for sundry doctrines relatiug to intellectual, 
moral, and social phenomena ; then we have clearly come into 
the domain of philosophy, strictly so called. And the result 
would have been the same bad we started from astronomy, 
or physics, or any other science; save that nowhere else, 
perhaps, could the true character of the process have been ao. 
fully illustrated as in the case of biology— the great central 
Bcience upon the theorems of which so closely depend the 
views which we must hold concerning ourselves and om 
relations to the universe about ua. 

That such transcendental inquiriea as those last mentioDed 
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belong atrictly to philosophy, and constitute the aU-esseatial 
part of It, can be questioned by none save those who, with 
Hegel, would make philosophy synonymous wiih outoiogy. 
Upon these it is lucumbeut, if they would establish their 
position, to dispose of the facts and reasonings which have 
made the relativity of all knowledge the fundamental thcorpm 
of modern psychology. For us it may suffice to point out 
that the province of philosophy, as here defined, includes all 
Buch inquii ies into cosmology, into psyciiology and ethics and 
religion, as philosophers have occupied themselves with in 
the past, excepting those only in which the necessary limita- 
tions of human thinking faave been expressly or tacitly 
ignored. Far from dethroning philosophy, we are assigning 
to it a scope as wide as was recognized for it by the enrly 
Greeks; while in approaching its problems, we are enabled 
to profit by that physical investigation which Sokrates not 
unjustly stigmatized, in his own day, as hopelessly mislead- 
ing, but which now, conducted upon sounder methods, is our 
surest guide to the knowledge of truth. 

Thus is philosophy vindicated, and its function is seen to 
be as important as that of science. Rejecting, as we were 
compelled to do, the nietaphysiunl assumption that philosophy 
is a kind of knowledge generically distinct from all otiier 
kinds, and asserting for it 8 common root with science and 
with ordinary knowledge, we have nevertheless seen that it 
diBers from the two latter, much in the same way that the ona 
of them differs from the other, Accurate quantitative pre- 
vision is, in the nature of things, confined to the most special 
of the special inquiries with which scient:e is concerned. 
Limited as it is to individual casi?s occurring under general 
laws, it must be left on one side in enumerating the distine- 
dve features of philos Dphy. But from what has been brought 
forward, it at once appears that philosophy differs from science 
in the greater genemlity, abstractiniss, and remoteness of 
the relations which it formulates, and also in its larger and 
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more complex organization of general truths into a coherent 
Bystem. Or, to sum up by a set of rough and general, though 
not severely accurate, contrasts (which, after all the fmegoing 
explanation, we may safely do) : — Common Knowledge es- 
presBes in a single formula a particular truth respecting a 
particular group of phenomena ; Science expresses in a single 
formula a general truth respecting an entire order of pheno- 
mena ; Philosophy expresses in a single formula a universal 
truth respecting the whole world of phenomena. 

Philosophy, therefore, remains, as of old, tJie study of the 
Cosmos, — save that it is the study of phenomena not of 
iioumena, of evolutioa not of creation, of laws uut oi 
pui^sea, of the How } nob of the Wl^y I 
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Havtno now indicated the limits of human Icnowledge, 
and marked out the province of that most highly organized 
kind of knowledge called philosophy, it becomes na next 
to inquire what are the sonrcea of knowledge, and what is its 
guaranty t What is the test of truth which cur philosophy 
shall recognize B3 valid! And first, what ia Truth? 

Truth may bo provisionally defined as the exact corre- 
spondence between the subjective order of our conceptions 
and the objective order of the relations among things. Now 
since by the very constitution of the knowing process we 
are debarred from knowing things in themselves, since our 
highest philosophy must for ever concern itself with phe- 
nomena and can never hope to deal with objective realities, 
the question arises, how can we ever ascertain the objective 
order of the relations among things ? How can we compare 
Biis objective order with the subjective order of our concep- 
tions? And without such comparison, how can wfl ever 
be certain that the two orders correspond ? Can we then 
taTW hope to possess an objective canon of truth ? And if 
we cannot obtain any such canon, are we not irresistibly 
driven to Idealism or to Scepticism, — to the philosophy 
which denies the existence of any objective reality, or to the 
philosophy which denies that truth can be attained at lUl I 
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Such questions as these have arisen whenever in the long 
career of philosophic inquiry an approach has been made 
toward demonstrating the relativity of knowledge. They 
dictated the criticisms of Leibnitz upon Locke's doctrine that 
all knowledge is the result of experience. The Cartesians 
had postulated the existence of innate ideas ; a postulate 
which was destroyed wlien Lcwke showed that there can be 
no ideas until the mind has come into contact with environ- 
ing agencies. But to Locke's reasaertion of the scholastic 
formula, Nikit est in intdlectu quod non prius in sensu, Leib- 
nitz added the important qualification, nisi intdlEctits ipnr. 
Rejecting, equally with Locke, the Cartesian doctrine id 
innate ideas, recognizing fully that there can be no know- 
ledge until the mind has been awakened into activity by 
the presence of objects to be cognized, Leibnitz nevertheless 
maintained that in each act of cognition there is an element 
furnished by the mind as well aa an element fuvnishetl by 
the environment, — that the subject is not passive, bnt co- 
operates actively with the object, In all this, let us note, 
there is nothing that contiicts with the established doctrine 
of the relativity of knowledge. It will be remembered that 
in our first chapter the necessary cooperation of subject 
and object in every act of cognition was shown to be one of 
those very facts which enforce the conclusion that all know- 
ledge is of the Relative. Wo competent psychologist would 
now subscribe to the Lockian opinion that previous to the 
reception of experiences the mind ia like a blank sheeL 
Physiology has taught us better than that,— has taught us 
that mind is strictly correlated with a complex nen^ous sys- 
tem, which, according to minute peculiarities of organization, 
aiodifies the experienoes resulting from its intercourse with 
environing agencies. We, therefore, recognize as fully as 
Leibnitz, that the subject actively cooperates with the object 
in each act of consciousness. And we insist that, for that 
Vity reason, our knowledge, being the product of eubjectiva 
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ftod objective faotow, can never be regarded as a knowledge 
of the objective factor by itself. This is, indeed, the import 
of oar illustration, above given, froin the phenomena of vibra- 
tory motion. Since a homogeneous phenomenon, like the 
nndolation of molecules, can produce in U9 such hetero- 
geneous states of consciousness as the feelings of sound, heat. 
or colour, we argued that the constitution of the percipient 
mind must modify in every case the character of the phe- 
nomenon perceived ; and that, therefore, the phenomenon 
cannot be regarded as like the eictemal noumenon, its part- 
cause. What is this but saying, with Leibnitz, that the 
subject actively cooperates with the object in each act of 
conscious knowledge? The Leibnitzian criticism, therefore, 
only serves to bring out in a stronger light the doctrine 
that all knowledge is of the Relative. Though powerful 
against the hypothesis of Locke, it is powerless against the 
position held by modem psychology. 

Such a result, however, was the farthest posaible from 
Leibnitz's tlioughts, Far from intending to re-enforce the 
doctrine of relativity as shadowed forth in the writings ot 
the Lockian school, his object was to crush it at the start 
by showing that we can obtain a criterion of absolute or 
objective knowledge. And he accordingly gave to hia state- 
ment an interpretation quite inconsistent with the doc- 
trine of the relativity of knowledge as we are now obliged 
to hold it. He held that In many acta of cognition, the 
mind contributes an element of certainty which could 
never have been gained from experience, which could 
never have flowed from the intercourse of the mind with 
its environment ; and that propositions obtained by such 
acts of cognition are Necessary Truths, — truths which are 
true of the objective order of thin^ as well of the sub- 
jective order. 

After Hume, by drawing out the Lockian doctrine to its 
extreme corollaries, had enunciated a set A conclusions whi^h 
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deny all that the doctrine of relativity explicitly 
but which differ from the doctrine of relativity in it^oring 
what the latter implicitly asserts, the Leibnitzian theorem 
waa again taken up by Kant, who made it hia own by hia 
manner of illustrating it, and whose arguments on this topic 
Btill carry conviction to the minds of many able nietaphysiciana. 
The immense importance of Kant's views makes it desirable 
for us to give them some faiiher consideratioa than is im- 
plied in merely stating them. 

In the first place, it nmst be home in mind that Kant 
maintained, no less stoutly, and perhapa no less consistently, 
than Hume, the doctrine of the relativity of all knowledge. 
Aa Mr, Lewes truly obsertes, " the great outcome of the 
Kriiik was a demonstration of the vanity of ontological specu- 
lation." Kant would have repudiated Schelliii;; and Hegel, 
as he did in fact openly repudiate the claims of Fichte to be 
considered his legitimate successor and e-Kpouoder. It was 
Kant who first showed that every hypothesis which we can 
frame respecting the Absolute, the Ic6nite, the First Gauge. 
or the ultimate easences of things, muat inevit-ably commit 
us to alternative impossibilities of thought. It waa Kant 
also who showed psychologically, from the necessary coopera- 
tion of aubject and object in each act of cognition, that a 
knowledge of the pure object as unmodified by the aubject ia 
for ever impossible. Kant held that a pbeuomenon, inas- 
much as it is an apptm ance, presupposes a noumenon — a 
thing icAj-c^ appears, — but this noumenon, which ia a neces- 
sary postulate, is only a negation to us. It can never be 
positively known ; it can only be known under the conditions 
of sense and understanding, ergn, as a phenomenon. "And 
acoordingly," says Kant, " though the existence of an external 
world ia a necessary postulate, its existence is only logically 
affirmed." Of ita existence out of relation to our cousoious- 
nesa we can know nothing ; and it consequently appears that 
' we can never predicate of our knowledge that it has obje(^ 
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live truth."* Even so, reiterates Kant, in the introductioD 
to the Kritik, " to attempt to transcend the sphere of tha 
anlijfctive is vain and hopeless; nor is it wise to deplore that 
W8 are 'cabin'd, cribbed, confined' within that sphere from 
which we never can escape. As well might the bird, when 
feeling the resistance of the air, wish that it were in vacuo, 
thinking that there it might fly with perfect ease. Let us there- 
fore content ourselves with our own kingdom, instead of cross- 
ing perilous seas in search of kingdoms inaccessible \o man." 
Up to this point we may regard Kant as equally with 
Hume the precursor of the modern philosopliy of relativity. 
In the above conclusions there is little to wliich Hume 
would have objected. But when we come to examine the 
Test of Truth set up by the two great adversaries, the point 
of irreconcilable antagonism between them becomes apparent. 
Though conducted with a wider historic experience, and with 
more extensive psychologic resources, the combat was essen- 
tially the same which bad been waged in the preceding 
epoch between Leibnitz and Ixtcke. Hume had said : the sole 
criterion of truth is uniformity of experience; that to which 
haman experience has invariably testified, we are compelled 
to accept a3 true; though it may not be true of the pure 
objective order of things, it is true for us, — true of the order 
of things as presented to our intelligence. Kant, on the other 
hand, distinguished between contingent and necessary truths ; 
and asserted that while uniformity of experience is a suffi- 
cient criterion of contingent truth, it is not a trustworthy 
criterion of necessary truth. For experience, says Kant, can 
tell ns that certain phenomena always occur in certain rela- 
tions ; but it cannot tell us that they must always so occur. 
Uniformity of experience cannot assure us that two and two 
must make four, or that two straight lines cannot enclose a 
space. We cannot conceive that these things should be otL3r- 
wise, and we must therefore know them, independently o-' 
' Lewes, Siiterg of Ph^taophg, 8nl edition, toL E pp. 171, 173. 
TOL. L B 
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BXperi'ence, and by the very constitution of our minda. This 
elameut of necessity and universality is the clement which 
the mind furnishes in tlie duplex act of cognition. 

This thtoreni contains two assertions, the one implicit, 
the other explicit. It asserts implicitly that the subjective 
element in co;^nition can be isolated from the objective 
element, at least so fir as to be independently defined. It 
asserts explicitly that absolute nniforniiiy of experience is 
inadequate to produce in us the belief iu the necessity of any 
given relation among phenomena. With reference to the 
first of these assertions, I shall be content with citing the 
excellent remarks of Mr. Lewes: — 

"There was an initial misconception in Eftnt's attempt 
to isolate the elements of an indissoluble act It was one 
thing to assume that there are necessarily two coefficients 
in the function ; another thing to assume that these could 
be isolated and studied apart. It was one thing to say. 
Here is an organism with its inherited structure, and apti- 
tudes dependent on that structure, which must be consi- 
dered as neceSBarily determining the forma in which it will 
be alTected by external agencies, so that all experience will be 
a compound of sulijective and objective conditions; another 
thing to say. Here is the pure d priori element in every ex- 
perience, the form which the mind impresses on the matter 
given externally. The first was an almost inevitable con- 
clusion ; the second was a fiction. Psychology, if it can show 
UH anj-thing, can show the absolute impossibility of our dis- 
criminating the objective from the subjective elements. In 
the first place, the attempt would only be possible on the 
pTOund that we could, at any time and in any way, disengage 
Thouglit from its content ; separate in Feeling the object a* 
it is out of all relation to Sensibility, or the subject as ptire 
anbject. If we could do this in one instance, we should have 
a basis for the investigation. The chemist who has learned 
to detect the existence of an acid by its reactiona in one casa 
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can by Ha reactions determine it in other cases. Having 
experieDfie of an acid and an alkaloid, each apart from the 
other, Le can separate them when finding them combined in 
a salt, or he can combine them when he finds them separate. 
His analysis and synthesis are possible, because he has else- 
where learned the nature of each element separately. But such 
analysis or synthesis is imposaible with the oljjective and sub- 
jective elements of thought. Neither element ia ever given 
alone. Pure thought and pure matter are unknown quan- 
tities, to be reached by no equation. The thought is neces- 
sarily and universally aubject-object ; matter is necessarily, 
and to us universally, object-subject Thought is only called 
into existence under appropriate conditions ; and in the objec- 
tive atimulua, the object and subject are merged, as acid and 
base are merged in the salt When I say that the sensation 
of light ia a compound of objective vibrations and retinal 
Buaceptibility, I use language which ia intelligible and ser- 
viceable for my purpose ; but I must not imagine lliat the 
external object named vibration is the I^ng an sich, the pure 
object out of all relation to sensibility; nor that the retinal 
Buaceptibility ia pure subject, involving no vibratory element 
Kant himself would assure me that thu vibrations were as 
subjective as the susceptibility. Indeed, seeing that he 
denied altogether the possibility of a knowledge of pure 
pbject, the Din^ an sicfi, it was a violent strain of logic to 
conclude that in thought he could separate this unknowable 
object from the subject knowing it,"' 

A violent strain of logic it was, no doubt After proving, 
b1 iioat to superfluity, that subject and object are inseparably 
united in each act of cognition, and after triumphantly using 
thia fact against the ontologiats who pretended to a knowledge 
of the objective rt;ality in itself, Kant turns around and tells 
OS that we raay alter all acquire a knowledge of the subjective 
reality in itself I Though we can never determine what the 
' 1*WB^ Bittcry ^ Fkiloto^, 8rf edition, voL IL p. 483. 
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relation between phenomena, is thus and thus; not that it 
miisi be thus and thus. And any number of experiences can 
only tell us that certain phenomena have hithertu always 
occtureit in certain relutiuna; not that they must alwaya 
and for ever occur iu the same relations. Or, as Dr. Brown 
phrases it, " Experience teaches us the past only, not the 
future." Let us take na an illustration, our belief that f.\vny 
event must universally and necessarily have a cause, — that no 
change can ever take place any wliere without an antecedent 
This is what the Kantian would call a necessary truth. And 
the Kantian would say. All that experience can tell U3 is, that 
ia an immeuse number of instanct^d, and in au immense 
number of places, every event which has occurred has had a 
causa It cannot tell us that in all future instances, and in 
all places throughout the universe every eveut must have a 
cause. To test such a belief by experience would require 
that our experit^nce should be extended through iuFinite time 
and infinite space, which is, of course, impossible. Without 
Buch infinite and eternal experience we can never be sure 
bat sooner or later, somewhere or other, some event may 
happen without a cause, and thus overturn onr belief. Never- 
theless, we have such a belief — an invariable and iuvincible 
belief. And since our limited experience cannot have pro- 
duced such a belief, it must have arisen in us independently 
of experience ; it must be necessitated by the very constitu- 
tion of our thinking minds) and must therefore be universally 
%iid necessarily true. Such ia the Kantian argument 

Upon all this it is an obvious comment, th:it, if the belief 
in the universality of causation is au inherent belief neces- 
sitated by the very constitution of our thinking min<l3, it is 
t belief which ought to he found wherever we find a thinking 
mind. It is hardly necessary to say that this is not the caae. 
Cliildren, savages, and other persona with undeveloped powers 
of reasi>ning believe in particular acts of causation, but not 
in the universality of causation — a conception which is too 
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■iMttact fcr Ifccjr ends tateOigftiiM to gnspi Kaj, I bare 
k«BWB adnnted p«ipl* wbo *—*-*■'"—* that tbae nigbt be 
ngiaw of tKe ostrviw Tben the U v doea not bold, and who 
tboogfat it havd^ nfa to dm; that ctcb on our oto planet 
tnfmH* night occuioBally faappeo witboat any deteimin- 
big i rt e c edMit. Bwid«a vhioh. all those who still accept 
the doetriiM «f tha a»-«an»d •Tvtuiaa of the WiU," impli- 
esttf, and asawtiiDes aqtUntlr, asaert that the entire class of 
fheMnHM know* m *ahH— a aia not onsallr detennioed 
hgr gnapa of longouc ttMSBitawea. Tbt belief in the 
antveie^y of oaaaatMS waa etitainly act prevalent in 
antiqnit;, or in the Middle Aj^: its eoapontive pnralence 
01 modem tinea ia d«* l» that vm Mgaaiation of expo- 
tieaoea which we call phi-skal Kwnee; and ereo at the 
pnaeat da; il b k4 penistcMl; heU, except t^ tboee who 
am aecwtoated to acientiSo itasowB^ or to the carefol 
aaalyna of their own mental 0(>erBtwaa. 

Butthta aigaineitt doea not stiike tothe neCof thenattCT, 
km thoQ^h Uus belief in the snivcrailit; of ennsation is not 
a wurenal belief, the belief in ita necessit; in cech paiticalar 
ease ia nndonbted^ aniTsisaL AwL as we have seen, the 
Kimfcian deniea the power of arc«ai«)ated espeiience to 
pradnce the belief that the fatare mast iaevttablT Keemble 
the peal He iwuinds os that for nan; ages it was sapposed 
tliat aO awaas were whiter until finaU; swaaa were diaoovered 
in Aostialia wbicb were not white ; and he asks what better 
warrant can uuiruriiiity of experience give as than it gave 
in this case. If aftvr three thousand ;ears a block swan 
Inraa ap^ must we iiot supixise it possible that in three 
thoBiTaad ;ears mora we may see a caudle bun is an atino* 
qtfaetaof pnre nitrogen? 

In answering this <iuery, let as begin by observing that b 
man; cadeo, tht! mere mrcuiualation of exj>eri«uce3 is a matter 
of bnt tittle coQSequeuce. A child believes, ailer one expe 
rieace, that fire will bum. When the chemist baa shown, b; 
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m single experinieiit, that uitrogen will not support combus- 
!ion, we believe thiit it will be just the siime through all 
future time. If we withhold our assent, " it is from a doubt 
whether the one experiment was properly made, not whether 
if properly made it would be conclusive." * Here, then, as 
Mr. Mill says, " is a general law of nature inferred without 
besitatiou fiom a single instance ; a universal proposition 
from a singular one. Now mark another case, and contrast 
it with this. Not all the instances which have been observed 
since the beginningof the world, in support "f the general pro- 
position that all crows are black, would bo deemed x. xutficieiit 
presumption of the truth of the proposition, to outweigh the 
testimony of one unexceptionable witness who should affinn 
that in some region of the earth not fully explored, he had 
caught and exauiineii a crow, and had found it to be grey." 

Wliat is the explanation of this diflerence? "Why is a 
single instance in some cases euHlcient for a complete induc- 
tion, while in others myriads of concurring instances, without 
a single exception known or presumed, go such a very little 
way towards establisl)ing a universal proposition?" The 
solution ia to be sought in tlie extreme complexity of the 
conditions in the one case as contrasted with their extreme 
simplicity in the other. The scientific tliinker does not con- 
sider blackness a necessiiry attribute of a crow, because he 
believes that some inappreciable variation in the nutrition of 
the bird, by altering the deposit of pigment in the feathers, 
might give us a grey or a white crow instead of a black one. 
Or if we do not reflect upon the matter so carefully as this, 
we at least regard a crow as a very complex aggregate of con- 
ditions and results, and iind no difficulty in imegiaing that 
some of the conditions varying might affect the sum-total of 
"esults. Or if this also be taken to imply too much conscious 
philosophizing in us, it is undeniable that our conception of a 
t , as of any other vertebrate, is made up of a large numbei 
1 HiU, Sy^ma oj logic, ml L p. S3L 
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of conceptions, of wliich the conception of blacbnpss is not 
the one upon which the specific identity of the sum-total 
depends. We have had experience of bay and of sorrel 
horses, of black and of white bears, of prey and of tortoise- 
shell cats; and, in accordance with such experience, we 
find it perfectly easy to regard any other animal as varying 
colour while retaining its specific identity. Our belief that 
all crows are black rests, therefore, upon purely negative 
evidence, — upon tlie absence of any experience of crows that 
ate not black ; and no amount of negative evidence can out- 
weigh a sinfile well-established item of positive evidence. 

Quite otherwise would it be if our explorer should assert 
that he had discovered crows destitute of a vertebrate 
skeleton. We aiiould reply, with confidence, that in the 
absence of such a skeleton the animal in question could not 
have been a crow, And the justice of the reply becomes 
apparent when we turn to the case of the nitrogen, where 
the conditions are so simple that we can keep them all in 
mind at once, and where we can imagine no variation which 
shall not at once alter the whole character of the case. We 
cannot imagine nitrogen supporting combustion, for as soon 
as it did so it would cease to be nitrogen. Tliat a is A, la an 
identical proposition only when the attributes of A are 
constant Now the incapacity to support combustion is one 
of the attributes by the possession of which nitrogen is 
nitrogen. And to say that nitrogen may at some future time 
sappoit combustion, is to say that A will cease to be A, and 
become something else. 

Now, why are we compelled to think thus ? Because vx 
are inmpahle of travsunding our experience. Out experience 
of nitrogen is that it will not support combustion, and we 
ore incapable of imagining it to be otherwise in contradic- 
tion to our experience. Our conception of nitrogen, formed 
by experiencf, is that of a substance which will not support 
coDibiution, and we c&nnot mentally sever the sobstOQce 
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from ita attribute without destroying the conception alto- 
gether. So we cannot conceive tliat a hinip of iron will 
Qoat in water. Why ! Because our conception of iron, 
formed solely by experience, is that of a substance which 
sinks in water ; and to inmgine it otherwise is to suppress the 
conception, either of iron or of water, and to substitute some 
other conception in its place. "We may try the eicperiment 
for ourselves, Tiy to imagine a lump of iron floating in 
water, and you will find that you cunnot do it, without 
mentally endowing either the iron or the water with other 
aliributes than those by virtue of which these substances are 
what Ihey are, and lhu3 your attempt destroys itself. Yet no 
Kantian would deny that your conception of iron or of water 
ia wholly formed by experience. Your conception is juat what 
experience has made it, and you cannot alter it without de- 
stroying it, simply because you cannot transcend experience. 

Here then we come to a conclusion quite the reverse of 
that maintained by tlie Kantians. " The irresistible tendency 
we have to anticipate that the future j:nurse of events will 
resemble the past, is simply that we have experience unl}/ of 
the past, and as we cannot transcend our experience, we 
cannot conceive things really existing otherwise than as we 
have Known them. Tiie very fact of our being compelled 
to jndye of the unknown by the known — of onr irresistibly 
anticipaiiiig that the future course of events will resemble 
the past — of our incapacity to believe that the same effect* 
should not follow from the same causes — this very fact is a 
triumphant proof of our having no ideas not acquired through 
experience. If we had d priori ideas, these, as independent 
jf, and superior to, all experience, would enable us to judge 
the unknown according to some other standard thc^ ihal of 
the known. But no other standard is possible for ns." ' 

The same general considerations will apply to the truths of 

mathematics, which some Kantians regard as the necessaiy 

> Lewea, JJUtory of Fhilasu^hy, 2ad edition, p. 668. 
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truths par exeellenee, — habitually speaking of them as if they 
were in some way truer than physicftl and chemical truths. 
Bearing in mind what was said a moment ago, it wUl be 
sufficient to observe that in mathematics we utler propositions 
with respect to certain particular relations alone, without 
regard to other cnnditiona, and hence there is absolutely no 
room for contingency. Lst me conclude this portion of the 
subject by a ciCatiou from Mr. Lewes : — ""When we say that 
twice two is four, or that the internal luiglea of a triangle 
are equal to two right angles, we abstract the relations of 
Number and Form I'rom all other coii'litions whatever, and 
our propositions are true, whether the objects counted and 
measured be hot or cold, large or small. hea>y or light, red 
or blue. Inasmuch as the ti-ut]].s express the abstract rela- 
tions only, no change in the other ^onditionii can affect these 
relations; and truths must always remain undisturbed until 
a change take place in their terras. Alter the number two, 
01 the figure triaiigle, by an infi nitesimal degree, and the truth 
is thereby alteivd. When we say Ibnt bodies expand \tj 
beat, the proposition is a concrete one, including the variable 
oouditiona; but although these vniiable conditions prevent 
our saying that nil bodies M-ill under all conditions ba always 
and for evermore expanded by heat, the ca?e is not really 
distinguished from the former one, siuca both the Contingent 
and the Necessary Truth can only be altered by an alteration 
in the terms. If a body which does not expand by heat 
(there are such) be brought forwind as impugning the truth 
of our proposition, we at once recognize that this body is 
under different conditions from those which our proposition 
included. This is the introduction of a new truth, not s 
falsification of the old. Our error, if we erred, 
liaatily assuming that all bodies were under the same condi 
tions. Hence the correct definition of a Contingent Truth 
IB 'one which generalizes the conditions'; while that of B 
^ecesaaiy Truth is 'one which ia on unconditional geueroU* 
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satioii.' The first affirms tliat whatever ia seen to be true, 
under present conditions, wilt be true so long as thi'se con- 
ditions remain unaltered. The second atiiniis that whatever 
is true now, beiut,' a truth irrespective of conditionB, cannot 
sofTer any change from interfering conditions, and must 
therefore be universally true."^ 

To this lucid exposition it ia hardly necessary to add thit 
the Dieiital compulsion under which we accept mathematical 
tniths is of precisely the same character as that under which 
we accept physical or chemical truths. Our conception of 
parallel lines— a conception which the Kantian admits b> 
have been formed by experience — is a conception of lines 
which do not enclose space. And just as we found that, in 
order to imagine nitrogen supporting combustion, we were 
obliged to suppress the conception of nitrogen altogether and 
substitute for it some other conceptiou, we also find that, 
in order to imagine two piirallel lines enclosing a ^ace, wa 
must sup]ire83 the conception of parallel lines altogether, and 
substitute for it the conception of bent or converging lines. 
The two cases are exactly similar. In the one case, as in 
the other, our conceptions are but the registry of our ex- 
perience, and can therefore be altered only by being tempo- 
rarily annihilated. Our minds being that which intercourse 
with the environment — both iheir own intercourse and that 
of ancestral minds, as will he shown hereafter — has made 
them, it follows that our indestructible beliefs must b^ the 
registry of that intercourse, must be necessarily true, not 
because they are independent of experience, biit because they 
are the only complete unqualllied expression of it. Hen 
then, on the ruins of the Kantian hypothesis, we may etect 
a canoo of truth, as follows : — 

' ffiiimv of Fhilomphy, 4th edir. toU I p. er. Th!» tIpw, wMA 1 
hold '.o he ihe innsi imiiortr.iit ronlrilution ever mnrle to the iliMiiiiBiaii of 
Ncwwity Hill Coii'iiieeucy, is Mill inure ttiorout;bly nml Forrilily pntMiitail 
bf Ut. Lewn ID lut BBw work, Pjnl/Uuu i^ L\J* aiid Mind, toL L pp. 
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A necessary truth is one that is expressed in a propcsition 
of which the negation is inconceivable, after all disturbing 
conditions have been eliminated. 

A proposition of which the negation is inconceivable u 
necessarily true in relation to human Intel lijjeuce. 

Tliis test of inconceivability is the only ultimate test of 
truth which philosophy can accept as valid. 

Thus the uniformity- test of Hume aud the inoonceiv- 
ability-test of Kant are fused together in a deeper synthesis, 
—the deepest which philosophy can reach. As Mr. Spencer 
forcibly 8tal«s it ; " Conceding the entire truth of the position 
that, during any pliase of human progress, the abOity or 
inability to form a specific conception wholly depends on 
the experience men have had ; and that, by a widening of 
ta their experiences, they may hy-and-bye be enabled to conceive 

^M things before inconceivable to them; it may still be argued, 

^M that as, at any time the best warrant men can have for a 

^1 belief is the perfect agreement of all pre-existing experience 

^M in support of it, it follows that, at any time, the inconceiv- 

^P ableness of its negation is the deepest test any belief admits 

^1 of. Objective facts are ever impressing themselves upon as ; 

^1 our experience is a register of these objective facts ; and the 

^M inconceivableness of a thing implies that it is wholly at 

^m variance with the register. Even were this all, it is not 

H clear how, if every truth is primarily inductive, any better 

^M test of truth could exist. But it must be remembered, that 

^m whilst many of these facts impressing themselves upon as 

^M are occasional ; whilst others i^^in are very general ; some 

H are univci-sal, and are unchanging. These universal and 

^M auchangiug facts are. by the hypothesis, certain to establish 

^1 beliefs of whicli the negations are inconceivable ; whilst the 

^P others are not certain to do this ; and if they do, subsequent 

H facts will reverse their action." 

H As this position has been vehemently attacked by Mr. 

^1 Mill, who hardly admitji for the tsst of inconceivableness ouj 

^ J ^^ 
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vmlidity whatever. Bome fiirlher explanation is desirable. It 
must not be supposed that, in erecting such a canon of tmth, 
we are i^iitatiDi- those high & priori metaphysicians, who 
regard all Iheir cherished trnditional notions as infallible in- 
taitions, because of their profepsed inability to disbelieve them. 
This is a confusion of which Mr. MQl has not succeeded in 
keeping clear, and which has led him unintentionally to mis- 
represent the position taken by Mr. Spencer and Mr. Lewea. 
The confusion arises from the double sense of the word belief 
and the accompanying ambiguous nse of the term ineoncciv- 
abU. By a singular freak of language we nse the word belief 
to designate both the lenst persistent and the most persistent 
coherence among onr stales of consciousness. — to describe our 
state of mind with reference both to those propositions of the 
truth of which we are least certain, and to those of the truth 
of which we are most certain. We apply it to states of mind 
which have nothing in common, except that they cannot be 
justified by a chain of logical proofs. For example, yon Relieve, 
perhaps, that all crows are black, but being unable to fiimish 
absolutely convincing demonstration of the proposition, yon 
say that you believe it, not that yon know it. You also 
believe in your own personal existence, of which, however, 
yon can furnish no logical demonstration, simply because it 
is an ultimate fact in your consciousness which nnderliea 
and precedes all demonstration. So with the axioms of 
geometry. If asked what are onr grounds for believing that 
two straight lines cannot enclose a space, we can only reply 
.bat the counter-proposition is inconceivable ; that we cannot 
frame the conception of two straight lines enclosing a space ; 
;hat in any attempt to do so, the conception of straight lines 
disappears and is replaced by the conception of bent lioea. 
We believe the axiom simply because we must believe it 

' The loiirce ot this conlUsIoa ia ths failars to distingniBh b«twe«n thi 
kind of belief wbich Temiini iifter " tha redaction of iofcri-Dces to leoi*- 
U»w," uid that which ia Tonniied in k '' reliance on nnverified iufencBCMb"— 
ttt Lew**, Ptoblmns oj Lifi aiA Hind, tqL i. p. S69. 
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It ifi C"2ly ia this latter aenae that tlie word Ww/ia em- 
ployed in the canon of truth above stated, and when Mr. 
Spencer sayc that a <jiveu proposition is inconceivable, he 
means that it is one of which the subject and predicate can 
by no amount of effort be united in consciousness. Thus 
(to take Mr. Spencer's illustration), that a cannon-ball fired 
from England will reach America is a proposition which, 
though utterly incredible, ia not inconceivable, — since it ia 
quite possible to imagine the projectile power of cannons 
increased four-hundredfold, or one- thousandfold, were the 
requisite conditions at hand; but that a certain triangle ia 
round is an inconceivable proposition, for the conceptions oi 
roundness and triangularity will destroy each other sooner 
than be united in consciousness. And manifestly we can 
have no deeper warrant for the truth of a proposition than 
that the counter-proposition is one which the mind is incom- 
petent to frame. Such a state of things implies that the 
entire intercourse of the mind with the environment is 
witness in favour of the proposition and against its nw^ation. 
It is indeed a popular misconception, — a misconception 
which lies at the bottom of that manner of philosophizing 
which is called Empiricism, — that nothing can be known to be 
true which cannot be demonstrated. To be convinced that thia 
is a misconception, we need bwt to recollect what a demonstra- 
tion is. Every demonstration consists, in the first place, of a 
series of ateps in each of which the group of relations expressed 
in a proposition is included in some other and wider group of 
relations, — is seen to be like some other group previously 
constituted. Now if this process of inclusion ia not to he 
carried on for ever, we must come at last to some widest 
group, — to some generalization wliicK cannot be included in 
any wider generalization, and of which we can only eay that 
the truth which it expresses is so completely abstracted from 
perturbing conditions that it can be recognized by a simple 
act of consciousness as self-evident. If, for example, "wn 
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ascril)6 the flow of a river to tbe fii\me force wliich causoa the 
fall of a stone," and if, " in further explanation of a move- 
ment produced by gravitation in a direction almost horizontal, 
we cite the law that Hiiida subject to mechanical forces exert 
reactive forces which are equal in all directions," we are going 
through a process of demonstration, — we are including a 
special fact under a more general fact. If now we seek the 
warrant for this more general fact, and find it in that most 
general fact that force persists, we are still going through a 
process of demonstiatioii. But if lastly we inquire for the 
warrant of this most general fact, we shall get no reply save 
that no alternative can be framed in thought. That force 
persists we are conipellcil to believe, since the proposition that 
force can arise out of nothing or can lapse into nothing is a 
verbal proposition which we can by no amount of effort 
translate into thought. Thus at t!ie end of every deraonsLra- 
tioQ we must reach on axiom for the truth of which our 
only test is the inconceivability of its ne^^ation. 

Secondly, from a diH'erent point of view, a demonstration 
is a series of propositions, every one of which is necessarily 
involved in the preceding one. How do we know it to be 
thus necessarily involved ? How do we know that the state- 
ment that action and reaction are equal and opposite is 
necessarily involved in the statement tliat force persists ? 
Simply because we can conceive no alternative, since to do 
so would be to perform the impossible task of formulating in 
consciousness an equation between something and nothing. 
Thus our only warrant for each step of a demonstration is 
the fact that any alternative step is one which the mind 
cannot take. 

Such is indeed our only warrant for that most certain of 
all facts — ^tbe existence of our own stat«s of conaciousneaa. 
If you say that you have a sensation of redness, and I 
require you to prove the statement, you can only reiterate 
that such is the fact, the testimony of consciousness oa to the 
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existence of its own states being final, and adznitting of no 
appeal. Yoa cannot conceive it to be otherwise. During 
tlie presence of tlie sensation of redntss it is impossible for 
any opposite state of consciousness, such as ihe sensation of 
hlueness, to emei^e. With regard to the cause of the sensa- 
tion, the case is wliolly different. The sensation of rrdness 
may be due to the presence of an external object from which 
emitted red rays impinge upon the retina; or it may be due 
to the presence of certain foreign substances in your blood 
which excite in the optic nerve such a rate of nndulation as 
to produce the consciousness of red colour. All this is matter 
of inference, and must be verified by the repeated application 
of the test of truth. But for the ultimate dictum — that the 
given state of consciousness exists — you have the direct 
warrant of consciousness itself 

In the light of this explanation, does not onr canon of 
inconceivability seem almost a truism, and does it not seem 
a singular ignorntio elenchi when Mr. Mill urges against as 
that the ancients could not conceive the existence of the 
antipodes, which nevertheless exist ? It is quite true that the 
ancients could not Mieve that men could stand on the other 
side of the earth without falling off ; and this was because 
they falsified one of the conditions of the complex case. 
They imagined gravity continually acting downwards, not 
knowing that downwards means toward the centre of the 
earth. What they could not conceive was that an unsupported 
body will not fall ; and this is still strictly inconceivable, 
since to assert that an unsupported body will not fall ie to 
assert that a given amount of gravitalive force, when not 
counteracted by an equivalent opposing force, will not mani- 
fest itself in motion, — a verbal assertion which can by no 
effort be construed into thought. 

A similar reply awaits Mr. Mill's argument from the old 
belief in the destructibility of matter. It is now incon- 
cMvable that a particle of matter should either come into 
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existence or lapae into non-existence. But before the use of 
the bftlance in chemistry had shown experimentally that 
nothing ever disnppears, hypotheses were freely propounded 
in which the indestructibility of matter was entirely ignored; 
and, accordingly, Mr, Mill appears to believe that in former 
times the annihilation of matter was thinkable. In reply it 
is enough to observe that, so long as human intelligence has 
been human intelligence, it can never have been possible to 
frame in thought an equation between something and nothing: 
yet this is the impossibility which must be surmounted before 
the annihilation or the creation of a particle of matter can 
become representable in consciousness. The truth is that 
whoever, before the discoveries of chemistry, maintained 
that matter is destructible, defended a verbal proposition, 
which answered to no framed or frameable conception. Of a 
piece with this is the fact that in all ages men have tortured, 
slain, calumniated, or otherwise persecuted each other in their 
zeal to get sundry propositions established, the subject and 
predicate of which could never be united in thought. It is 
not 80 very long since Michael Servetus waa burned at the 
stake for a heresy partly based upon doubts as to the possible 
equality or identity of three and one ; yet not even Mr. Mill 
would maintain that it has ever been possible for human 
intelligence to join together the members of the quantitative 
theorem implied in the doctrine of the Trinity. It appears, 
therefore, that men may believe, or at least maintain, what 
they can in nowise conceive. As Mr. Spencer well says, 
" Refrain from rendering, your terms into ideas, and you may 
reach any conclusion whatever. That the whole is equal to 
its part is a proposition that may be quite comfortably 
entei-tained so long as neither wholes nor parts are imagined." 
This ia one of the ways in which so many absurd theories 
obt^n currency, and having once become current are so 
difficult to banish from circulation. The philologist A. W. 
Schlegel once suggested that the terminationa of words may 
VOL. L r 
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hale grown out fiom tlio routs, just as brandies of trees 
grow from axillary bads. Inductive philology has proved 
this notion to be false, and has shown that in all cases a 
termination is the abraded relic of an originally distinct 
qnalifying word, which by constant use and through rapid 
pronunciation, during primitive ages when words wera ad- 
dressed only to the ear, has become inseparably agglutinated 
to the qualified word or root. This discoverj-, which haa long 
been completely verified, of coarse supersedes and renders 
antiquated the hypothesis of Schlegel. But the point which 
here concerns us is that no such elaborate induction was 
needed to show that the notion of a budding termination is 
in itself absurd. All that was needed to reveal its absurdity 
was to stop and translate the words used into ideas. To say 
that a termination buds out from a root, is to combine words 
which severally possess a meaning into a phrase which has 
no meaning. We can severally form concepts of a word- 
termination, of a word-root, and of the process of budding; 
but the three concepts are wholly disparate and refuse to unite 
into a tbintcable propo.sition. The hypothesis bad no other 
foundation than the vague associations with the processes 
of vegetal life which cluster about such a word as " root " ; 
and tbe fact that a scholar like Schlegel could seriously found 
a theory of language upon such a mere chaos of ball-shaped 
conceptions shows us how easy it ia for bigbly-educated men 
to think in a very slovenly manner. But it likewise con- 
clusively shows US that tbe assent of philosophers in past 
ages, or of nneducated people in our own age, to sundry 
unthinkable propositions, is not to be cited as evidence that 
here are minds which can think what is unthinkable. The 
building up of enonnoxis theories out of purely verbal 
pnipositions, which do not correspond to any thinkable con- 
catenat.on of conceptions, has always been the besetting 
sin of human philosophizing. It has been known, since the 
Middle Ag;s, by the apparently incongcaous epithet of 



I 



I 



J 



11.] 



TEE TEST OF TRUTH. 



RenUsin, becanse at that time it was most coDjpicuousIy 
illnstrated in tlie famous theory that wherever there 13 a 
general terra there must be a reid objective thing correspond- 
ing to it, — a general Horse, for example, in addition to all 
individna! horses. This single phase of the mental hahit in 
question might be cited a9 an all-sufficient answer to Mr. 
Mill's objection. Mr. Mill would be the last to admit that 
the realists were able to conceive of Horse except as some 
particular horse ; yet they stoutly maintained that they could 
and did frame such a conception. The Platonic theory of 
Ideas was based upon this realistic tendency to lend an 
objective value to the mere verbal signs of subjective con- 
ceptions, which was dominant in the pliilosophy of the Greeks 
and of the scholastics, and which, in modern times, is well 
exemplified in the philo'iophy of HegeL 

We thus see that men may believe— or believe that they 
believe — propositions which they cannot, in the strict sense 
of the word, conceive. Until men have become c[uite freed 
from the inveterate habit of using words without stopping to 
render them into ideas, they may doubtless go on asserting 
propositions which conflict with experience ; but it is none 
the less true that valid conctplions wholly at variance with 
the subjective register of experience can at no time be framed. 
And it is for thL' reason that we cannot frame a conception of 
nitrogen which will support combustion, or of a solid lump of 
iron which will float in water, or of a triangle which is round, 
or of a space enclosed by two stiaigbt lines. So that when 
Mr. Mill hints that it was once possible for men to frame 
conception* which cannot now be framed, he tacitly assumes 
that Eoncetitions may have been framed of which the elements 
have never been joined tf^ether in experience. Yet of all 
possible psychological theorems there is none, I suppose, 
which, when overtly stated, Mr. Mill would more emphatically 
deny than this. To see Mr. Mill unwittingly arrayed in the 
lists against the ezperience-theoiy is indeed a siugular spec- 
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tacla ; but it is only one instance, out of many, of the way 
in wlii<Oi tlmt theory has suffered from its association with 
Bmpiricism. When in a future diaptpr we come to treat of 
thii cviilntion of intellippnce, we shall nee that Mr. Spencer 
was the first to penetrate to the very core of the experience- 
jihiloaophy wheu he perceiveil that the deepest wnrront for 
the perfect eonformity of a given proposition with experience 
ia the unthinkahleness of the counter-proposition.' 

But now, what do we mean when we say that, after 
eliminatiii',' all perturbing conditions, a proposition of which 
the negation is untliinkable must be necessarily tme ? By a 
oonfusiou of ideas very unusual with him, Mr. Mill seems to 
think that we mean to accredit such propoiitions with expresa- 
in ; some necessary relation among objective realities per se, 
apart from their relation to our intelli'(:enf e : for he somewhere 
charges Mr, Spencer with " erectinr; the incurable limitations 
of the human conceptive faculty into laws of the outward 
universe." When correctly interpreted, however. Mr. Spencer 
will be found to have done no such thing. He simply erects 
them, as Mr. Lewes expresses it. into "laws of the concep- 
tions we form of the uniTerBe.' Holding as we do, that all 
our knowledge is derived from experience, that we have no 
experience of the objective order of the relations amoi^ things, 
and hence can never know whether it agrees or disagrees with 
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the Bubjective order of our conceptions, — it is passing strange 
that we bLouM ever have been called upon to correct such 
% misinterpretation. All that Mr. Spencer or his followers 
have ever maintained is this: that although we have no 
experience of the objective order in ilself, we have 
experience of the manner in which the objective order 
afTectd us. Tliougb we have no experience of nuumena, 
we have experience of phenomena. And when experience 
generates in us a subjective order of conceptions that cannot 
be altered, we have the strongest possible warrant that tht 
order of our conceptions corresponds to the order of 
phenomena. Expressed in this abstract terminology, the 
precise shade of my meaning may he ditlicult to catch and 
fix; but a concrete illustraiion will, I trust, do away with 
the difficulty. If the subjective order of my conceptions is 
aucb that the concept of a solid lump of iron and the concept 
of a body floating in water will destroy each other rather 
than be joitied together, and I therefore say that a solid lump 
of iron will not float in water, what do I mean by it! Do I 
intend any statement concerning the unknown external thing, 
or things, which when acting upon my consciousness causes 
in me the perceptions of iron, and water, and floating or 
sinking ? By no means, I do not even imply that such 
modes of existence as iron or wattr, or such modes of activity 
as floating or sinking, pertain to the unknown external reality 
at all. It is impossible for ua to realize, but it is nevertheless 
imaginable, that to some form of im press ibi! it j- quite different 
from what we know as conscious intelligence, the same un- 
known reality might be manifested as something quite 
different from iron or water, sinking or flcatiug. By my 
statement I only imply that whenever that same unknown 
thing, ot things, acts upon my consciousness, or upon the 
jDnaciousni'ss of any being of whom intelligence can be 
properly predicated, there will always ensue the perception of 
iiOD ainking in water, and never the perception of iron 
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floating iu water. And ia stating this, I only reveal loy in- 
capacity for conceiving that, under identical conditions, the 
Unknowable can ever act npon human intelligence other- 
wise than it lias always acted upon it. In other words, I 
am showing that I cannot transcend the limits of ex- 
perience ; and I an) reaffirming, in the moat emphatic manner, 
the relativity of all knowledge. 

We are now in a position to answer the queries which 
were propounded at the beginning of this chapter. At the 
outset of our inquiry, Truth was provisionally defined aa 
the correspondence between the subjective order of our con- 
ceptions and the objective order of the relations among 
things. But this is the definition of that Absolute Truth, 
which implies an experience of tbe objective order in itself 
and of such tnith we can have no criterion. It was this 
which Mr. Mill must have bad in mind, when he let fall the 
much criticized suggestion that in some distant planet the 
sum of two and two might be five. But such a statement ia 
inadequate ; for when we speak of planets and numbers, we 
are tarrying within the region of things accessihle to in- 
telligence, and within this region we cannot admit the 
possibility of two and two making five. It is neverthelesfl 
imaginable that somewhere there may be a mode of existence, 
different from intelligence, and inconceivable by us because 
wholly alien from our experienct, upon which numerical 
limilatious like ours would not be binding. The utter 
blanknesa of uncertainty in which such a suggestion leaves 
us may serve as an illustration of the theorem that we can 
have no criterion of Absolute Truth, or of truth that is not 
correlated with the conditions of our intelligence. 

But the lack of any such criterion in no way concerns as 
as intelligent beings. Tbe only truth with which we have 
any concern ia Ilelative Truth, — the truth that ia implicated 
with whatever can in any way come within our cognizance^ 
For relative truth our inquiry has eatablisbcd this criterioD 
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— When any given order among our conceptions is so 
coherent that it cannot be sundered except by the temiiorary 
annihilation of some one of its tenus, there must be a 
corresponding order among jihonomena. And this, as we 
have seen, is because the order of our conceptions is the 
expression of our experience of the order of plieuomeua, I 
will only add that what we meau by reality is " inexpugnable 
persistence in consciousuess " ; ao that when ijje unknown 
objective order of things produces in us a subjective order 
of conceptions which persists in spite of every effort to 
cbange it, the subjective order is in every respect as real to 
us as the objective order would be if we could know it. And 
this is all the assurance we need, as a warrant for science, 
and as a safeguard against scepticism. In the next chapter 
I shall endeavour to show that we are no whit the worse off 
for not being able to transcend the conditions within which 
alone kpowledga is possibla Since " experience " meann 
J the consciousness of the manner in which the Un- 
knowable affects us, it follows that our very incapability of 
transcending experience is the surest guaranty we could 
desire tf the validity of the fundamental conceptions by 
which our daily life ia guided^ end upon which oux philosophy 
mu&t be built. 
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SruHiKO up tbe resnlta of the foregoing discaasion, we have 
Been that niiither the test of truth proposed by Hume, nor 
that proposed by Kant, can be regarded as valid, considered 
by itaeli'; but that, when fused together iu the crucible of 
modem psychologic analysis, the two can be regarded as 
making up a criterion of truth adequate to all the needs of 
intelligent beings. It has been proved that, since tie series 
of our conceptions is but the register of our experience, 
perfect congruity of experience must generate in ua beliefs 
of which the component conceptions can by no mental effort 
be torn apart Whence it follows that, if relative truth be 
defined as the correspondence between the order of oar con- 
ceptions and the order of phenomena, we have this for our 
test of truth : — When any given order among our conceptions 
is BO coherent that it cannot be sundered except by the 
temporary amiiiiilation of some one of ita terms, there must 
1)0 a contspoiidiiig order anjong phenomena. And this state- 
ment, while it expresses the fundamental theorem of what ia 
known as the experience-philosophy, recognizes also a germ 
of truth in the Kantian doctrine of neceGsity. When, in a 
future ciiapter, the exposition of the Doctrine of Evolution 
■hall have advanced so far that we may profitably considet 
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the nature of the process hy which intelligence has arisen, 
we Bhall be enabled to carrj much farther the reconciliatiau, 
here dimly foreshadowed, betwetjii tbe great opposiog theories 
of tbe experieutialists and tbe intuitionalists. However 
difficult it may be to realize that this apparently Intermin' 
able controversy is at length to be decided and passed over 
as antiquated, like the yet longer dispute between Nominal- 
ism and Eealism, it will nevertheless be showu that this ia 
the case. It will be shown that the Doctrine of Evolution 
affords the means of reconciling t!ie psychology of Locke 
and Hume with the psychology of Leibnitz and Eant, not 
by any half-way measures of compromise, but by fusing the 
two together in a synthesis deeper and more comprehensive 
than either of them singly lias succeeded in making. 

At present, however, merely hinting at these conclusionfl 
which are by and by to follow, we must address ourselves 
to B yet more arduous task of reconciliation, — tbe task of 
reconciling our ineradicable belief in the existence of some- 
thing external to ourselves with the scientific reasoning 
which shows that we cannot directly know anything save 
modifications of ourselves. "We have to examine the theory 
concerning objective reality which, along with more or less 
important quaUlications, is held in common by Idealism, by 
Scepticism, and by Positivism, as represented respectively 
by Berkeley, Hume, and Jlill. And by ciiaracterizing, with 
the aid of the principles now at our command, the funda- 
mental error of thct theory, we shall be enabled properly to 
define the very different position held by Mr, Spencer and 
adopted in the present work. 

Out ai:gument must concern itself chiefly with Berkeley, 
since the conclusion reached in dealing with his doctrine 
will apply directly to tbe doctrine of Hume, and will point 
tbe way to the criticism needful to be made upon the doc- 
trine of Mr. Mill. Indeed, as Mr. Mill lias well remarked, 
thete is a sense in which all modern philosophy may be said 
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basis of all atheism. If by matter you understand that 
which is seen, felt, tasted, and touched, then I say niatter 
exists: I am as firm a believer in its existence as anyoue 
can be, and Jierein I agree with the vulgar. If, on tho con- 
trary, you understand by matter that occult substratum 
which ia not seen, not felt, not tasted, not touched — that of 
which the senses do not, cannot inform you — then I say I 
believe not in tlie existence of mutter, and herein I dijir 
from the philosophers, and agree with the vulgar." * Th8 
"grin," therefore, with which "coxcombs" sought to "van- 
quish BerkeJey," revealed only their incapacity to understand 
him. Nevertheless the antitgonisui between Idealism and 
common sense remains, though its position ia shifted ; aa 
appears from tlie expressions of a very able idealist, the 
late Prof Ferrier, when he says that Berkeley siJed with 
those " who recognize no distinction between the reality and 
the appearance of objects, and repudiating the baseless hypo- 
thttit of a u-orld existing wnkTiown and unperceived, he reso- 
lotely maintained that what are called the sensible shows of 
things are in truth the very things themselves."* In this 
mode of statement the antagonism between Idealism and 
common sense is forcibly hrouglit out, though the intention 
of the writer was rather to insist upon their harmony. For 
gB the "very things themselves " which are known and per- 
ceived were held by Berkeley, and are still held by psycho- 
logists generally, to consist in modifications of our cou- 
eciouanesa, it follows that, according to Berkeley, the only 
real exi<^tence is mind with its conscious modifications. 
What common sense affirms ia the existence of something 
independent of oux consciousness : but this is just what 
Berkeley denied. 

Suppose now we grant, for the sake of the argument, that 
the only ruil existence is mind with its conscious modifica- 

» Lewc^s, a^lory of Philnaojihi,, 3rd edit vol. il p. 381. 
> Firtier, Fhiloiojihica' JUaiaim, toL ti. p. 2U7. 
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lioiiB. The question at once arises, what iB tbe cause of 
these modifications I Since consciousness ifi continually 
changing its states, and indeed exists only by virtue of a 
ceaseless cimnge of states, what is it that determines the 
sequence of states T If, after the congeries of states of 
consciousness composing the knowledge that I am putting 
out my hand in tlie dark, there snpervenes the state of coii- 
Bciousness known as the feeling of resisiance, what is it that 
determines the sequence? According to Berkeley, it is the 
will of God. God has predetei-mincd for us the sequence 
of states of consciousness, having so arranged things that 
whenever we ideally thrust an ideal head against an ideal 
chimney -piece, the states of consciousness known as the 
perception of resistance and the sensation of headache, com- 
plicated with divers unpleasant emotional states, wiU neces- 
sarily ensue. Now for two reasons this is an explanation 
which science cannot recognize. In the first place, it ia 
either a lettatement, in other words, of the very fact which 
is to he explained, or else it substitutes a cumbrous explana- 
tion, involving a complex group of postulates, for the simple 
ordinary explauution which involves but a single postulate. 
In the second place, it is a hypothesis which can be neither 
proved nor disproved ; and, as we shall hereafter see, all such 
hypotheses must be regarded as illegitimata But, unless 
we admit the existence of an external reality, is there any 
alternative hypotliesis ? Must we not accept Berkeley's 
explanation, in default of any other ? 

There is one alternative hypothesis, and only one, Ai 
Berkeley drew his idealism frtim Locke, so when Kant 
demonstrated that we cannot know tbe objective reality, 
Fichte di^ew the inlerence that the objective reality does 
not exist, Fichte, like Berkeley, held that the only real 
existence is mind with its sequent conscious states. But 
Fichte differed from Berkeley in hia explanation of the 
sequence of our states of conGciousnesa. Tichte held that 
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this Beqnence ia determined by itself — that it depends upon 
the internal constitntion of the mind. Or, iu other words, 
he maintained that the subject creates the object. From 
this doctrine have lineally descended all the vagaries of 
modem German idealism — vagaries of method as well as 
vagariei of doctrine, as anyone may see who, af'^r some 
familiarity with scientific methods, looks over the so-called 
'■ Nature-philosophy" of Schelling and Oken. Its extreme 
i»rolIarie8 have been stated by Hegel, who, if I do not 
misinterpret bim, regards the universe as nothing but the 
self-determined sequence of states of consciousuesa of an 
Absolute Intelligence, of which our individual intelligences 
are partial manifestations. Manifestly we have here arrived 
at logical suicide. We begin, witli Kant, by saying that we 
have no knowledge of the objective order of things ; we con- 
tinue, with Fichtp, by saying that there is no objective order, 
save that which the mind creates for itself; and we end, with 
Hegel, by identifying the objective order with the subjective, 
and maintaining that whatever is true of the latter is true 
also of the former. In saying this, we virtually maintain 
that the possibilities of thought are not only coextensive but 
identical with the possibilities of things; and thus destroy 
the doctrine of relativity with which we started. The post- 
Kantian idealism may therefore be described as a linear 
series of corollaries, the last of which destroys the axiom 
upon which the first of the series rests. 

A similar suicide must he the fate of any doctrine of 
idealism. We often hear it said that Berkeley's clear 
scientific reasoning has never been, and can never be, re- 
futed. This is to a certain extent true. What never has 
been, and never can be, refuted, is the clear scientific 
reasoning by which Berkeley proves that we cannot know 
the objective reality. What can be, and has already been, 
refuted, is the unphilosophic inference that there is no 
:>bjective reality. Keid, with his so called " Common-Senae 
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Phfloaoptiy," failed tecanse he attacked tlie scientific doo- 
triiie instead of the un philosophic inference. Out of sheer 
fright at wliat he considered the couspicuoua absurdity of 
Berkeley's poaition, Reid maintained that we do know 
ohjecta per se; that in every act of perception the OL«jec- 
tive reahty is immediately given in consciousness. Beid 
laid great sti-ess upon Locke's distinction, useful in some 
respects, between the primary and secondary qualities of 
matter, and held that we know the first in themselves, 
although we know the second only in their effects upon 
our consciousness. Thus, while admitting that redness is 
only the name of a state of consciousness produced in ns 
by an unknown external agent, Eeid insisted that, on the 
other hand, in our consciousness of weight or resistance 
we know the external agent itself, and uot merely a state 
of consciousness. Plausible as this opinion appeared, not 
only to the superficial Reid, but to that much abler though 
rather fragmentary thinker. Sir William Hamilton,' it ia 
nevertheless irreconcilable with some very obvious psycho- 
logical facts. To cite one or two examples from Mr, 
Spencev's "Principles of Psychology": "The same weight 
produces one kind of feeling when it rests on a passive 
portion of the body, and another kind of feeling when sup- 
ported at the end of the outstretched arm." In which of 
tliesa cases, then, do we know the real objective weight! 
\fe cannot know it in both, since in that case the suh- 
jtance of the two cognitions would be the same. Again, 
if one hand is laid palm downwaids upon the table, and 
" a knuckle of the other band is thrust down with some force 
CD the back of it, there results a sensation of pain in tha 
back of the hand, a sensation of pressure in the knuckle, 
and a sensation of muscular tension in the active arm. 
Which of these sensations does the mechanical force in 
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aetion reseniljle, qualitatively op quantitatively? Clearly, 
it cttoDot be assimilated to one more than another of them ; 
and hence mnat in itself be Bomething alien from, or unrepre- 
flentable by, any feeling." ' 

This disposes of Eeid, who was indeed but an indifferent 
psychologist, and rested hia refutation of Berkeley chiefly 
npon mispliiced ridicnlo and equally misplaced appeals to 
common sense. He tauntingly asked why the great idealist 
did not illustrate his doctrine by walking over a precipice or 
thrnstjng his head against a lamp-post, aa if Berkeley had 
ever denied that such a congeries of phenomenal actions 
would be followed by disastrous phenomenal effects. No 
wonder that a philosophy founded upon such flimsy psycho- 
logical analysis should never have obtained wide acceptance 
■mong trained thinkers ; and no wonder that Idealism should 
still by many persons be considered as unrefuted. 

It is by making the unphilosophic inference that because 
we cannot know the objective reality tlierefore there exists 
none, that Idealism destroys itself. As long as we admit 
that the possibilities of things are limited by the possibilities 
of thought, we cannot overturn Idealism : we must go on 
and grant that because we can form no conception of matter 
apart from the conditions imposed upon it by our intel- 
ligence, therefore no thing cnn exist apart from such con- 
ditions. As Prof Ferrier forcibly states the case, '" I defy 
yon to conceive anything existing unperceived. Attempt to 
imagine the existence of matter when mind is absent. Ton 
cannot, for in the very act of imagining it, you include an 
ideal percipient. The trees and mountains you imagine to 
exist ftway from any perceiving mind, what are they but the 
very ideas of your mind, which you transport to some place 
where you are not ? In fact, to separate existence from per- 
ception is radically impossible. It is God's synthesis, and 
: cannot undo it." All this is equivalent to saying that 
* Speno»r, Frineiplei of Ptj/diolc-ry, vol L p. SOC 
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we cannot "imagine an object apart from the con<1itici» 
under whict we know it. AVe are forced by the lawa of our 
nature to invest objecta with the forma in which we perceive 
them. We canuot therefore conceive anything which has 
not been subject to the laws of our nature, because in the 
very act of conception those laws come into play."^ But 
when the idealist proceeds to infer that because we cannot 
conceive objects otherwise, therefore they canuot exist other- 
wise, he assumes that knowledge is absolute, and thus kuocb 
away the psychologiciil basis upon which his premise was 
founded. If we would consistently refrain from violating 
the doctrine of relativity, we must state the idealist's pre- 
mise, but avoid his concJusion. We admit that "the trees 
and mountains you imagine to exist away from any perceiv- 
ing mind" do not really exist as trees and viountairts except 
in relation to some perceiving mind. We admit that matter 
does not exist as matter, save in relation to our intelligence; 
since what we mean by matter is a congeries of qualities — ■ 
weight, resistance, extension, colour, etc. — which have been 
severally proved to be merely names for divers ways in wliich 
our consciousness is affected by an unknown external agency. 
Vake away all these qualities, and we freely admit, with the 
idealist, that the tnalter is gone ; for by matter vr,e mean, 
with the idealist, the phenomenal thing which is seen.tasted, 
and felt But we nevertheless maintain, in opposition to the 
idealist, that something is still there, which, to some possible 
mode of impressibility quite different from conscious intel- 
ligence, might manifest itself as something wholly dif- 
ferent from, and incomparable with, matter; but which, 
to anything that can be called conscious intelligence, 
must manifest itself as matter. We freely admit that 
what we mean by a tree is merely a congeries of quali* 
ties that are visual and tactual, and perhaps odorous, sapit^ 
or soDoroua. If we were destitute of sight, touch, smell 
* Lewe^ EiitioT/ qf S'kitoiopky, tdL iL p. SOS. 
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taste, liearing, and muscular senstbilitj', all tltese qualitlee 
would cease to exist, and therefore the tree would cease to be 
tree. But it does not follow that the Unknown Reality 
which caiised in us these groups of sensations has ceased to 
exist Our ineradicable belief is that it still exists, and 
would assume the qualities which constitute tree as soon as 
our capacity of sensation were restored. And we recognize, 
as in accordance with the dictates of common-sense, the sug- 
gestion that if some Being with seventy senses, like the 
denizen of the planet Saturn in Voltaire's inimitable satire, 
were to come into the presence of this same Unknown 
Beality, there would undoubtedly arise in this Being the 
consciousness of a congeriea of qualities different from that 
which constitutes tree. We further recognize that if this 
Being were endowed with some mode of impressibility so 
different from ours that the name " intelligence " would not 
apply to it, this same Unknown Reality might generate in 
such a Being some state or states wholly different from what 
we know as the cognition of a material object. I say, we 
regard these conclusions as consistent with that extended 
and systematized common-sense which is called science. In 
stating them, we assert, to the fullest extent to which the 
exigencies of human language will admit of out asserting it, 
the relativity of all knowledge ; and we admit everything 
which the idealists have established upon the sound basis of 
psychologic induction. What we refuse to admit is the legi- 
timacy of the idealist's inference that the Unknown Reality 
beyond consciousness does not exist. We assert, on the con- 
trary, that the doctrine of relativity cannot even be intel- 
ligibly stated without postulating the existence of this Un- 
known Reality, which is independent of us. The proposition 
that the tree or the mountain exists as tree or mountain only 
in 30 far as it is cognized, becomes utter nonsense when we 
seek to suppress the conception of a persistent Something 
wiiich becomes tree or mountain in being cognized. 
TOL. L O 



1 




I 
I 

I 



m. ir.] PHENOMENON AND NOUMENOS. 88 

we also admit, were correctly stated by Berkeley ; but con- 
cerniDg the existence of the Unknowable Reality, which we 
tt^ard aa the inevitable implication of the observed facts, he 
is eileut. And his silence, as well as his assertion, is stdctly 
in harmony with the spirit of Positivism. 

The distinction, then, between Idealism and Positivism 
may be taken to be this. The former asserts that the un- 
knowable objective reality ia a mere figment of the imagina- 
tion, while the latter refrains from making any assertion with 
reference to it. The former, therefore, tacitly violates the 
doctrine of relativity by assuming that the possibilities of our 
thinking are to be taken as the measure of the possibilities 
of existence: the latter perceives that such an assumption is 
illegitimate, but seeks to escajie the difficulty by ignoring the 
question at issua In other words, while unwilling to contra- 
vene the doctrine of relativity upon which it professes to 
found itself, it is yet content to stiite but half the doctrine. 

Bearing thb in mind, we may return to the argument, 
which will now be understood as directed against the 
position which Idealism and Positivism hold in common. 
And we may observe, first, that the very sentence just quoted 
rom Mr. Mill affords a most excellent illustration of the im- 
possibility of stating either the position of Idealism or that 
of Positivism without implying the existence of that objec- 
tive reality which the former would impugn and which the 
latter would igiiora Tlie sum of the whole matter, accoi'ding 
to Mr. Mill, is "the fact that our sensations occur in groups, 
held together by a permanent law, and which come and go 
independently of our volitions ot mental processes." How 
comes it that our sensations occur in groups ? Why is it that 
they are held together by a permanent law ? And, above all, 
hew dqes it happen that they come and go independently of 
our vcl'tions or mental processes ? Suppress the notion of a 
oo'ncthiiig outside of consciousness which determines this 
Loming and going of our sensations, and we have no altcioa- 
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ftn actiTity out of ourselves which lias not been modified by 
our own activities. 

■ One of two things must bo asserted : — either the ante- 
cedents of each feeling, or state of consciousness, exist only 
oa previous feelings or states of consciousness ; or else they, 
or some of them, exist apart from, or independently of, con- 
ciouaness. If the first is asserted, then tlie proof that what- 
ever we feel exists relatively to ourselves only, becomes 
doubly meaningless. To say that a sunsation of sound and 
ftseosation of jar cannot ba respectively like their commun 
antecedent because ihey are not like one anotber, is an empty 
proposition; since the two feelings of sound and jar never 
have a common antecedeut in coasu'ousuess. The combina- 
tiou of feelings that is followed by tbe feeling of jar, is 
never the same as the combination of feelings that is fol- 
lowed by the feeliiig of sound; and hence not having a 
common antecedent, it cannot be argued that they are unlike 
it Moreover, if by antecedent is meant constant or uniform 
antecedent (and any other meaning is suicidal) then tbe 
proposition tlmt the anlecedent of sound exists only in con- 
Bcionsness, is absolutely irreconcilable with the fact that tbe 
feeling of sound often abruptly breaks in upon the series of 
feelings otlierwise determined, where uo antecedent of the 
specified kind has occurred. The other alternative, therefore, 
that the active antecedent of each primary feeling exists 
independently of consciousness, is the only thinkable one. 
It is the one implicitly aaserted in the very proposiliou that 
feeuuga are relative to our own natures ; and it is t!iken for 
granted in every step of every argument by which this 
aoposition is proved." 

" Hence our firm belief in objective reality — a belief which 
metaphysical criticisms cannot for a moment ehake. When 
we are tau'^ht that a piece of matter, regarded by us as exist- 
ing externally, cannot be really known, but that we can know 
only certain impresMons produced on us, we are yet, by the 




W.] FBENOiiENON AND SOUMBNON, 



U ch&nged, and sometliing which causes tbe changes. There 
can be no impressions unlesa there exist a something which 
U impressed and a sonielhing which impresses. Take away 
from the argument all the terms which relate to real exis- 
tence, and the argument becomes nonseuse. The Sceptic, 
like tbe Idealist, cannot stir a step without admitting that 
real existence which he is striving to deny. Abolish object 
and subject, and the states of consciousness vanish also. 
Abolish the uoumenon, and the phenomenon is b; the same 
act annihilated. 

Thus our ineradicable belief in the absolute existence of 
Something which underlies and determines the series of 
obangea which constitutes our consciousness, rests upon the 
Btrongest of foundations, — upon the uiithiiikableuess of i\s 
negation. Thus it becomes apparent that the arguments of 
the Idealists and the Sceptics " consist of a series of dependent 
propositions, no one of which possesses greater certainty than 
the single proposition to be disproved." Without postulating 
Absolute Being — exi&tonce independent of the conditions of 
the process of knowing — we cm frame no theory whatever, 
either of internal or of external phenomena. And aioce, as 
I have fllieady observed, what wg mean by reality is " inex- 
pugnable persistence in consciousness," it follows that Abso- 
lute Being is the Keality of Bealities, and that we are justihed 
in ever tacitly regarding it as such. 

But now, what do we mean by this affirmation of absolute 
'calit; independent of the conditions of the process of know- 
mg f Do we mean to recur to the style of tliiiiking in vogue 
anterior to Berkeley, and adirm, in language savouring 
strongly of scholasticism, that bent^ath the phenomena which 
we call subjective there is an occult substratum Alind, and 
beneath the phenomena which we cail objective there ia an 
occult substratum Matter } Our conclusion cannot be stated id 
itny such Ibrm, and we need have no hesitaiicu in acknow- 
ledidng our debt of gratitude to Beikelny for having swepl 
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pfcaosophy clean of sacli a rubbish of acholastic terminology. 
Our conclusion is sinipiy this, that no theory of pheuomena, 
external or internal, can be framed without postulating an 
Absolute Existence of which plienoniena are the manifesta- 
tions. And now let ua carefully note what followa. We 
cannot identify this Absolute Existence with Mind, since 
what we know as Mind is a series of phenomenal manifesta- 
tions: it was the irrefragable part of Hume's argument that, 
in the eye of science as in the eye of common-sense, Mind 
means not the occult reality but the group of phenomena 
which we know as thoughts and feelings. Nor can we 
identify this Absolute Existence with Matter, since what we 
know as Matter is a aeries of phenomenal manifestationa ; it 
was the irrefragable part of Berkeley's ai^unieot that, in 
the eye of science as in the eye of common-sense, Matter 
means not the occult reality but the group of phenomena 
which we know as extension, resistance, colour, etc. Abso- 
lute Existence, therefore, — the Eeality which persists inde- 
pendently of us, and of which Mind and Matter are the 
phenomenal manifestations, — cannot be identified cither with 
Mind or with Matter. Tims is Materialism included in the 
same condemnation with Idealism. 

See then how far we have travelled from the scholastic 
theory of occult substrata underlying each group of pheno- 
mena. These substrata were mere ghosts of the phenomena 
■'hemselves ; behind the tree or the mountain a sort of phan- 
Mm tree or mountain which persists after the body of the 
perception has gone away with the departure of the percipient 
mind. Clearly this is no scientific interpretation of the facts, 
but is rather a specimen of naive barbaric thought surviving 
in liietaphysics. The tree or the mountain being groups of 
phenomena, what we assert as persisting independently of 
the percipient mind is a Something which we are imabbi 
to condition cither as tree or as mountaio. 

And now we come down to the vovy buttom of 'he jao> 
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blem. Since we do postulate Absolute Existencs, and Ao 
not postulate a particular occult substance underlying each 
group of phenomena, are we to be understood as iniplj-ijig 
that there is a single Being of which nli pbenomeua, internal 
and external to consciousness, are nianifestationa? Such 
must seem to be the inevitable conclusion, since we are able 
to cany on thinking at all, only under the relations of Dif- 
ference and No-diH'erence. We cognize any phenomenal 
object, as tree or mountain, only through certain likenesses 
and uiilikenesses among our states of consciousness; and 
only through a revival of the same likenesses and unlike- 
oesses ciin we represent the same object in memory or 
imagination. It may seem then that, since we canuot attri- 
bute to the Absolute Eeality any relations of DiB'erenee, we 
must positively ascribe to it No-difference. Or, what is the 
same thing, in refusing to predicate multiplicity of it, do we 
not virtually predicate of it unity ? We do, simply because 
we cannot think without so doing. Nevertheless we must 
bear in mind that the relations of DifTerence and No-dif- 
ference under wliich wo are compelled to do all our thinking, 
are relntiotis just as subjective as any of the more complex 
relations of colour, or resistance, or figure, which are built up 
ont of them ; and we cannot say that there exists, inde- 
pendently of consciousness, anything answering to what we 
knun- oz Difference or as Ko-difference. "This" — to quote 
Mr, Spencer — " is readily demonstrable. The sole elements, 
«nd the indi.s3olub!e elements, of the relation [of Difference] 
are these : — a kind of feeling of some kind ; a feeliug coming 
next to it, which, being distinguishable as another feeliug, 
proves itself to be not homogeneous with the firat; a feeling 
of shock, more or less decided, accompanying the transition. 
rhis shock, which arises from the difference of the two feel- 
ings, becomes the ujeasure of that difference — constitutes by 
its occuiTence the couscioitsness of a relation of diHereuce, 
and by its degree the consciousness of the amount of dif- 
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ference ; that is, tlie relation of difference as preseut in con- 
sciousness is nothing more than a cliange in conacioiisnesa. 
How, then, can it resemble, or be in any way akin to, 'ta 
Bource beyond consciousness? Here are two colours which 
we call unlike. As they exist objectively the two colours 
are quite independent— there is nothing between theia 
answei'ing to the change which results in us from contemplat- 
ing first one and then the other. Apart from our consciousness 
they are not linked aa are the two feelings they produce in 
na. Their relation as we thiuk it, being nothing else than a 
change of our state, cannot possibly be parallel to anything 
between tbem, when they have both remained unchanged." ' 
Since, therefore, the relations of Difference and No-dif- 
fereuce, which lie at the bottom of our conceptions of unity 
and plurality, are shown to be subjective relations which 
cannot be predicated of objective existence, it follows that 
in strictness the Absolute Existence of which phenomena are 
the manifestations cannot be regarded as either single or 
multiple. Nevertheless, as was hinted a moment ago, by the 
very relativity of our thinking we must speak of it as either 
the one or the other. From tliis dilemma there is no escape. 
Yet, provided we recognize the purely symbolic character of 
the language employed, we may speak of Absolute Existence 
in the singular number; especially if we bear in mind that 
by such a mode of expression we mean merely to indicate 
that while the nature of That which is manifested in pheno- 
2iena proves to be inscrutable, " the order of its manifesto- 
lions throughout all mental plicuomeua jiroves to be the same 
as the order of its manifestations throughout all mateclal 
phenomena" * 

Here we touch upon a point which cannot profitably ho 
considered until alter we have expoundel the axiom of the 
teisisteuce of Force and the Doctrine of Evolution whiok 
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ia fonnded thereon. And before we can even begin with 
thia exposition, there renmin to be discussed Buiidry pre- 
liminary questions, which will occupy us through several 
chapt^;ra. For the present it will be enough for U9 to cany 
m mind, as the net result of the whole foregoing inquiry 
the conclusion that the doctrine of relativity, when inlly 
stated, affinus the objective existence of an Unknowable 
Keality, of which all phenomena whatever are the kuow- 
able nianirestatious. 



■With the statement of thia conclusion, our chapter pro- 
perly ends. It is desirable, however, that, before proceeding 
to consider the questions next in order, we should brlelly 
sum up the results at which we have already arrived. By 
adding a little here and a little there, now a ileliuite outline 
and now a bit of shading, we have gradually produced a 
rough sketch of a general theory of things. The inquiry 
will proceed through future chapters, in the hope of slowly 
converting this rough sketch into a more or less finished 
picture ; but for the moment we may advantageously take a 
step backward, and contemplate, in a single view, the main 
characteristics of our work. 

At the outsat our philosophy was seen to be characterized 
by the assertion that all knowledge is relative, — an assertion 
which carried with it the rejection of all ontological specula- 
tion, whether metaphysical or theological, concerning the 
nattire of that which exists absolutely But iu thus 
charactenzing our philosophy we went but half-way toward 
efining it In order to know thoroughly what anything ia, 
•ve must also know what it is not Few philosophers, since 
the seventeenth century, have rejected the doctrine of 
.elativity. The footing upon which this doctrine etanda 
esemhiea too much the footing upon which rest the 
Jemonstrated truths of physical science, to admit of its 
oeing explicitly rejected, unless by those bold spirits wh(^ 
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like Hegel,* do not scruple to hurl their anathemas la tlie 
face of physical ecience itself. It is none tfau less quite 
possible for tlie doctrine to be at the same time explicitly 
asserted and implicitly ij,'iiored, Berkeley and Hume, Kant 
and Hamilton, and Comte, have one and all asserted the 
relativity of knowledge and the vanity of ontologtual 
specul.ition. But our philosophy is not that of Kant, or 
Hamilton, or Berkeley, or Huiue, or Comte, It is not the 
philosophy of Kaut, for it denies tlmt we can have any 
criterion of truth save that which is furaished by perfect 
coDfjTuity of experience. At the same time it differs in 
many respects from the experience-philosophy which is 
associated with the name of Locke ; since it denies that 
the subject is the passive recipient of effects wrought by 
the object, and, accepting the Leibnitzian view that the 
subject actively coopi-ratcs with the object in each act of 
cognition, it grounds upon this very fact its duutrine of the 
relativity of knowledge. In its criteiiou of truth also it 
differs from the experience-philosophy of Locke end Hume 
as represented to-day by Mr. Mill ; for it finds its criterion 
of truth in that indissoluble coherence among inner pheno- 
mena, which, in accordance with the postulate that all 
knowledge is the pioduet of experience, oiust have been 
generated by an equally indissoluble coherence among outer 
phenomena. Thus, too, it avoids the empiricism which baa 
in too many ways hampered the Lockian philosophy: for 
it keeps clear of the misconception that all truths are 
susceptible of logical dcmonstriition, and recognizes the 
fact that at the bottom of all proof there must be an 

^ Eren Keg^l. Indeed. In ths follawing puraga, kdmita th« impoBsibili^ 
of knowing ttiinRi in themaelvei : — " Du Vinwnaich >1> (olchns ist nioht 
Aililer«ii Bludiu lecra Abitnctian, von dem man allerdia^n nicbU i> Ismin kimii, 
ebm darui weil e« die Abntraction yon alter Besliitmiuug sciu ■oil." — 
Lopk, ii. 127. The Kitmission, however, is id Hegors case utleriy fruit- 
leae, uiiee he falls into the snme incon«^tellCJr «s Kant, Diaiiilaiiiiug thtt w* 
bare a t«it or tmlh liid«iiendeiit of eipeneDce, Rud thu« •etCiiig op Qu 
BalyectiTt lleLbod, m wiU appMr in the next okkptv^ 
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tutimate datum of conscioiisnpsa which traasixindj proot 
Thus our philosophy can be identified neither with that o( 
Kant nor with that of Loclce. Again, it differs from CTie 
philosophy of Hamilton, hoth in other poiuta not needful 
to he mentioned, and in this, that it does not regard the 
usertiOQ of the doctrine of relativity as compatible with 
the assertion that we can know the primary qualities of 
matter otherwise than as modifications of our consciousneBS. 
But, while refusing to assist in this violation of the doctrine 
(rf relativity committed by the philosophy of Eeid and 
Hamilton, it refuses also to join in the very different viola- 
tion of the doiitrine which is committed by the philosophy 
of Berkeley and Hume. For while it admits, to the fullest 
extent, the position that we can never know the Absolute 
Existence of which phenomena are the manifestations, it at 
the same time asserts that the doctrine of relativity cannot 
even be intelligibly expressed unless Absolute Existence is 
affirmed. 

In this last assertion onr philosophy drclarea itself anta- 
gonistic to Po.sitivi3m, Fortha Positive Philosophy, refusing 
to deal with anything beyond the immediate content of 
observed facta, utterly ignores the Absolute Existence which 
is manifested in the world of phenomena, neither afBrming 
nor denying it, I shall point out hereafter the complicated 
embarrassment in which this indifferent attitude has left the 
Positive Philosophy. It must suffice now to insist upon the 
fact that any philosophy which, like the system here ex- 
ponnded, affirms Absolute Existence is by such affirmation 
fundamentally distinguished from Positivism. Because our 
t>hilcaophy, like Positivism, rejects all ontological specula- 
tion; and because, like Positivism, it seeks to found itself 
npon scientific doctrines and employ none but scientific 
methods; and because, moreover, it is arrayed, like Posi- 
tivism, in opposition to sundry popular metaphysical and 
ttieological doctrines ; it is customary to confound our ptiilo- 
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■ophy with Positivism, and thiia to nccredit ns with b whole 
group of opininua which we unreservedly repudiata Oar 
philosophy, however, 13 quite as distinct from Positivism as 
it jfl from Idealism or Scepticism, or from the so-called 
Critical Philosophy of Kant, In all these systema we re- 
co^jnize a germ of truth ; to all of them we acknowledge our 
indebtedness for sundry all-important suggeatioos; but to 
none of them do we owe allegiance. 

In the case of Positivism, the error is, for reasons just now 
indicated, one which is likely to be often committed. And 
on this account I shall, in the course of the following ex- 
position, have frequent occasion to examine and criticize the 
opinions cliaracteristic of the Positive Philosophy, By the time 
we have arrived at the end of our journey, no possible excuse 
will be left available for those who would seek to identify oar 
philosophy with Positivism. 

But now for this system of philosophy, which, in our erode 
outline -sketch, is seen to be different from the systems of 
Locke, Berkeley, Hume, Kant, Hamilton, and Comte, some 
characteristic title is surely needed. There are, indeed, grave 
objections to be urged against fettering philosophy with 
names which may very soon come to connote divers nnes- 
Bential opinions of which philosophy would be glad to rid 
itself Nevertheless we cannot get along without names. If 
only to avoid tedious circumlocution, some name is needed 
by which to designate this philosophy which has been rudely 
del'neated. The required name is suggested by the definition 
of the scope of philosophy given in the second chapter of 
this work. It was there shown that, while acknowleiiging a 
common genesis with science and with ordinary knowledge, 
philosophy has still to concern itself with tlioae widest truths 
which hold throughout all classes of phenomena, and with 
which science, restricted as it is to the investigiition of special 
classes of phenomena, is incompetent to deal In other 
rords, we dechired the scope of our philosophy to be the 
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study of the universe or Cramos; and ir accordance with 
this definition, we may tlily designate onr philoaophy as 
Cosmic Philosophy. We shall heieafter discover in thia 
epithet sundry points of fitness not yet indicated. But for 
the present we may go on to use the phrase whenever re- 
quired, entrusting our complete justification to the inquiiies 
which are to follow. 



In conclusion, let me aay a few words in reply to the 
ohjection, sometimes urged from metaphysical quartern, tliat 
Buch a philosophy aa this Cosmic Philnsophy, here sketched 
out, is not adequate to supply our highest intellectual 
needs. At the bottom of this objection, as at the bottom 
of that persistent clinging to ontological speculations (in 
spite of their often-demonstrated worthlessness) which we 
frequently meet with, there lies the vague half-defined belief 
that in giving np our knowledge of noumena or the Non- 
menoD, we are leaving for ourselves nothing hut shadows. 
" We increase the seeming unreality of that phenomenal 
existence which we can alone know, by contrasting it with a 
noumenal existence which we imagine would, if we could 
know it, be more truly real to us." But we are led astray by 
the unavoid.ible ambiguity of words. To make a supposition 
which savours somewhat strongly of hibernicism :— even if we 
could know objects apart from the conditions imposed upon 
ihem in the act of knowing, such (so-called) knowledge 
would be utterly useless. This is admirably illustrated in a 
passage from Mr. Spencer's "First Principles" with which I 
will conclude this chapter : — 

"The maintenance of a correspondence between internal 
actions and exte<'nal actions, which both constitutes oar life 
at each moment and is the means whereby life is continued 
through subsequent moments, merely requires that the i^encies 
acting upon us shall be known in their coexistences and 
■eqacncea, and not that they shall be known in themGelvea. 
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If X and y are two nniformly connected properties in some 
outer object, while a and 6 are the effects they produce 
in our consciousness ; and if while the property a; produces 
in us the indifferent mental state a, the property y produces 
in ua the painful mental state h (answering to a physical 
injury) ; then, all that is reijuisite for our guidance, is, that 
K being the uniform accompaniment of y externally, a shall 
be the uniform accompaniment f' o internally ; so that when, 
by the presence of zi, a is produced in consciousness, b, or 
rather the idea of b, shall follow it, and excite the motions by 
which the effect of y may be escaped. The sole need ia that 
a and b and the relation between them, shall always answer 
to X and y and the relation between tlieiu. It matters 
nothing to us if o and 6 are like x and y or not. Could they 
be exactly identical with them, we should not be one whit 
the better off; and their total dissimilarity is no diaadvanT 
tage to us." 

Obviously this same illustration will apply equally to casra 
where moral injury or intellectual error is to be avoided. And 
since the ultimate function of philosophy is to be the intel- 
lectual guide of our lives, — since our ultimate aim in ascer- 
taining the relations of coexistence and- sequence among 
phenomena, is to shape our actions, physical, mental and 
moral, in accordance with these relations, — it follows that 
the philosophy whose character and scope I have here indi- 
cated is sufficient for our highest needs. And thus we are 
led to the conclusion that the object of that metaphysical 
philosophy which seeks to ascertain the nature of things in 
themselves, is not only unattainable, but would have no 
imaginable value, even if it could be attained. The proper 
attitude of the mind, when face to face with the Unknown 
Reality, is, therefore, not a speculative, but an emotional 
attitude. It belongs, as we shall by and by more distinctly 
see, not to Philosophy, but to Religion, 
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Toward the close of the preceding chapter I enumerated 
some of the principal characteristics which distinguish ouf 
Coamic Philosophy, regarded as a synthesis of scientilia 
truths, from the various metaphysical systems which, by 
overtly ot implicitly contravening the doctrine of relativity, 
have songht to arrive at some higher or remoter kind of 
truth than that which the scientific coordination of expe- 
riences can furnish. So far as the psychology of the question 
is concerned, the doctrine of relativity, with its various im- 
plications, has been expounded as fully as is needful for our 
purposes. But this fundamental doctrine has also an all- 
important logical aspect, which we shall do well to consider 
in the present chapter. Having marked out the field to 
which our inquiries mu'^t he confined, the next thing in 
order is to indicate the Method upon which our inquiries 
must be conducted. The possession of a legitimate method 
of research is even more important than the possession of 
soond doctrine, since it is only through the former that 
the latter can be attained. Clearly we shall never reach 
Truth if we begin by mistaking our guide-post, and start 
on the road that leads to error. A false method leads to 
falee doctrine which, reacting on the mind, conflrraa it in 

TOL I H 



COSMIC FILOSOPEY. 



[FT. t. 



the employment of tlie false method. Hence tliii enpreme 
importance which the history of philosophy attaches to those 
thiukera — like Aristotle, Bacon. Descartea, and Comte — who 
have signalized themselves &i the founders of new methods. 
And hence the immense influence, for good or for ill, which 
such thinkers have exerted. 

The two general views of philosophy which it has been 
the aim of the previous chapters to exhibit in radical oppo- 
sition and contrast, are still farther distinguished by the 
adoption of two very different methods of inquiry. That 
metaphysical philosophy, which exhausts its energies in the 
vain attempt to frame tenable hypotheses concerning the 
objective order of things, reaches its ephemeral conclusiona 
by the use of a method which, on grounds that will presently 
appear, is called the Subjective Method. The Cosmic Philo- 
sophy, which aims only to organize into a univeraal body of 
truth the sum of general conclusions obtained by science, 
adopts as the only trustworthy guide for its inquiries the 
method of science, which, in contrast to the other, is called 
the Objective Method. To describe these different methods, 
and tlius to arrive at a clear notion of the practical distinc- 
tion Imtween a metaphysical and a scientific philosophy, is 
the III ji!ct of the present chapter. 

TJik; subjective method rests upon the assumption that 
the piissibiiities of thought are coextensive or identical with 
the pii3,,iljiUties of things. Having built upon some subjective 
fouinLition, assumed as axiomatic, a ^--ven order of concep- 
tious, it assumes that the order of phenomena must corre- 
spoiiil to it. It is satisGed with coufroutiug one thought with 
another thought, and does not trouble itself to confront the 
thought with the phenomenon. If its hypothesis is made np 
of congruous elements, it takes it for graulud that the in- 
ternal congruity must be matched by an external cougniity. 
It applies to the order of conceptions a logical, not an ex- 
perimental test. If its "onclusiona Sow inevitably from itt 
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premises, it prDclaima the conclusiona as true, forgetting that 
the premises neeil testing as much as the inferences. It ia 
ever on its guard against fallacies of ratiocination, but ev*" 
unprotected against fallacies of observation. If a conelnsion 
is "involved in the idea," according to the current phrase, it 
assumes without challenge that it is also conformable to fact. 
That I may not be supposed to be caricaturing instead of 
describing the only method which can enable us to stir one 
step in outological speculation, let me cite some of the 
canons of that method, as enunciated by its most illustrious 
masters.' 

" There is one basis of science," says Descartes, " one test 
and rule of truth, namely, that whatever ia clearly and dis- 
tinctly conceived is true." Sclielling tells us : " It is a fon- 
damental belief that not only do things exist independently 
of us, but that our iileas ao completely correspond with them 
that there ia nothing in the things which is not in our 
ideas." And now let ua hear Hegsl: *' What is Truth t 
In ordinary language we name' the concordance of an object 
with our conception of it, truth. In philosophical language, 
on the contrary, truth is the concordance of the meaning 
with itself." Or, aa one of Hegel's followers expresses it, in 
more characteristic terminology : " Since the Whole is ideally 
in the Mind, the I has only to yield itself to its I-hood, in 
order to see the Absolute in itsflf as there immediately 
given." To the same effect says Plato, in the Phiedo : " It 
seemed to me, therefore, that I ought to have recourae to 
reasons, and in them to contemplate the truth of things. 
Thus always adducing the reason which I judge to be 
strongest, I pronounce that to be true which appears to me 
to accord with it ; those which do not accord with it, I deny 
;o be true." And tn the Republic, he tells us: "Whenever 
a person strives by the help of dialectics to start in pursuit 

' ThfliUastratiiBBgivenin the following imrngraph nmy be found, along with 
rtbcn, in Ui. Lowei'i uuellent work t>u AnBtotlB, pp. 7a-Sl, IU3, 101. 
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of eveiy reality by a simiile process of reason independent 

of all seQ3uous information, never flinching until by an act 
of pure intelligence he has grasped the real nature of good, 
lie arrives at the very end of the intellectual world." 

Plato furnishes an excellent illustration of the statement 
above made, that a false method leads to false doctrine, 
which, reactinfj on the mind, conflrms it in the employment 
of the I'alse method. From the fact tliat a comparatively 
uninstmcted mind can, with a little explanation, be made to 
perceive the necessary truth Of a few simple geometrical 
axioms, and to follow the step3 of a demonstration founded 
thereon. — Plato, in that charming dialogue, the Meno, infers 
that al! knowled<;e is reminiscence. How could the un- 
educated youth have come by that knowledge which enables 
him to see at once that when a square is divided by a line 
which bisects the two opposite sides, the two portions are 
equal I The naive reply ia, that he must have acquired it in 
a prior state of existence, when the soul, not yet encumbered 
with the body, had free communion with Ideas. See what 
an enormous hypothesis Plato erects upon a. slender basis of 
fact, and forthwith accepts as a justification of that very 
subjective method by the aid of which it was erected. For 
he elsewhere tella us that since all knowledge ia a revival ot 
pre-existent ideas, tker(/ure "from any one idea we can 
arrive at all others, owing to the logical connection existing 
between them ; " and in this conclusion he states the funda- 
mental canon of the subjective method, as employed by 
modern metaphysicians from Descartes to Hegel. 

This illustration shows us, in a curious and unexpected 
way, bow intimately the Method of the d priori metaphy- 
sician is wrapped up with his Psychology, and how closely akin 
to each other have been the multifarioua manifestations of 
the two in ancient and modern times. Between the eob- 
jective method and the doctrine of the a priori character 
of necessary truths the kinship is so close that Mr. Lewes ia 
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JQStified in declaring ttiat "all that has been written on 
method [from the scientific point of view] is imperilled if 
there can be any valid evidence for the existence of an 
avenne through which knowledge may be rt-ached without 
reconrse to experience." Granting the d, priori origin of 
necessary truths, the validity of the subjective metliod la 
established, at least so far as transcendental inquiiies are 
concerned. It is therefore interesting to observe the remark- 
able siftiilarity between the positions held respectively hy 
Plato, Descartes, and Kant, with reference to this twofold 
question. In each case the psychological problem is to 
explain the existence of knowledge, or at least of concep- 
tive faculty, that is apparently congenital, and that is also 
apparently inexplicable aa the product of individual expe- 
rience. How does the uneducated youth come by his rapid 
intuition of space-relations ? Plato, aa we have seen, replies 
with his hypothesis of reminiscence, Descartes with his 
hypothesis of innate ideas, aud Kant with his hypothesis 
of d priori forms of thought ; and between the three answers, 
iu spite of the wide superficial divergences, how striking is 
the fundamental similarity ! We shall liereafter see how the 
Doctrine of Evolution, proceeding strictly upon the objective 
method, supplies us with an interpretation which adequately 
acconnts for the phenomena, but which leaves no room for 
the inferences which metaphysicians, from Plato to Kant, 
have founded thereon. Meanwhile, it haa already been 
sufficiently proved that the universidity and necessity of . 
unconditional propositions, whether relating to space-relations 
or to any other relations whatever, muat inevitably result 
from absolute uniformity in the oigaiiic registration of 
experiences, and therefore dots not involve any A priori 
element. 

For the present, returning to Plat^, let na note eome of the 
resiiUs to which his method not unnaturally hd him, espe- 
nially as we shall thus perceive the true affiliation of modem 
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metapbysica npon the crude attempts of the anci.!nta at 

l^'^neral science, in ao far os concerns the method employed. 
" We open the Tiniiens," says Mr. Lewes, " and learn that 
the Universe was generated a3 an animal, with a soul, 
because tliat was best Wliatever is generated must neces- 
sarily have body, and be visible no less than tangible. 
Nothing can be visible without Fire, nothing tangible with- 
out a Solid, nothing solid without Enrth. Thus the first 
step in creation was the production of two elements. But 
it ia impossible for two things to cohere without the inter- 
vention of a third. A bond is necessary, and of all bonds 
the most btautiful is that which as nearly as possible unites 
into one both itself and the things bound. Had the substance 
of the universe been a superficies without depth, one medium 
or bond would have sufficed : but as it was a solid, and solids 
are never one only, but always joined by two bonds, there- 
fore the Creator placed Water and Air between Fire and 
Earth. These are the Four Elements, and the reason has 
been given why they are only four, Tlie elements are 
fashioned into a perfect sphere, because the sphere is the 
most perfect of figures, and most resembles itself. Although 
this universe was made an animal, it was made becoming 
and congruous. Hence it had neither eyes nor ears, there 
being nothing external for it to see and hear ; no lungs, for it 
needed not respiration; no digestive organs; no secretory 
organs; no feet, for its motion ia peculiar, namely circular, 
and circular motion requires no feet, since it is not pro- 
gression. The mathematicians having discovered the five 
regular aoliila, Plato natiu-ally made great use of them in 
his cosmology. Four of them were represented by the four 
elements — ^tbe Earth was a Cube, Fire a Tetrahedi-on, Water 
an Octaheiiron, and Air an Icosahedron. This left the fifth, 
the Dodecahedron, without a representative ; accordingly, it 
was assigned to the universe as a whole. ... It is needless 
to add that Plato never thinks of offering any better leaaoa 
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for theae propositions than that they are by him judged 
sufficient. If one of his hearers had asked him why water 
might not be a cube, and air an octabedi-on,— or what proof 
therft was of either being one or the other, — he would 
have replied 'It ia thus I conceive it. This is best.' • Let 
UB proceed. The universe, we learn, has a soul which moveo 
in perpetual circles. Man also has a soul which is but & 
portion thereof, consequently it also moves in circles. To 
make the resemblance more complete, man's soul is also 
enclosed in a spherical body, — namt-ly, the head. But the 
gods foresaw that this head, being spherical, would roll down 
the hills and could not ascend steep places; to prevent this, a 
body with limbs was added, that it might be a locomotive 
for the head," * 

It will perhaps he said that such speculations as these 
could not be found in the writinjijs^ of any modern philosopher, 
no matter what his method mif;ht be; yet in view of certain 
vagaries presently to be cited from Hegel and Comte, it will 
hardly be safe for us to seek refuge in any general assertion 
as to the superiority of the moderns over the ancients in 
sobriety of philosophizing. These speculations of Plato 
exhibit in strong relief the treacherousness of the subjective 
method when left to itself and allowed to range at large over 
the field of phenomena. In ancient times there was no organ- 
ized physical knowledge to stand in the way of such vagaries 
as those just cited. In modern times there exists an immense 
body of established scientiBc truth which checks the natural 
extravagance of the intellect left to itself. Moreover, as the 
lubjective and objective methods have always coexisted, and 
u one has never been exclusively employed without the other, 
tne majority of systema have worn a semblance of probit- 
■ bility which prevents their shocking us like the almost 

^m * It to to be note'l, bovever, that thi: 

^H .auBcterized Pinto chicfl; in his old agi 

^H (■nnui a pontilical tone. Of thii moiD 

^M ■ LBwe% ArittoUe, p. IDS. 
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purely subjective system of the Platonic Timeios. Never- 

thtsless, that eveu modera science, in all tlie plenitude of its 
power, is unable to rein in tho obstinately metaphysical mind, 
may be seen ia the following morsel from Hegel, of all 
modem thinkers the most consistent in his adherence to the 
subjective, and in his scorn of the objective, method. " The 
substance or essence of matter," saya Hegel, "is Gravity ; that 
of spirit is Freedom. But matter ia only heavy inasmuch 
as it tends to ft centre. It is composite ; its very existence 
is external to itself — m hesttht ausser einander. Thus the 
essence of matter consists in the sonrch for a unity which 
would be its destruction." Speculations of this sort would 
not carry ,U3 very far toward the construction of a science of 
mechanics. Yet they are quite in keeping with the funda- 
mental tenet "that Natuie being only the result of the idea 
of a Creative Intellifjence irom which we ourselves emanate, 
we may, without the assistance of experience, and by our 
pure intellectual activity, find the Creator's ideas," 

Compare also those explanations which the suhjectiYe 
method gives of the crying of newly-lxirn infants. Physiology 
explains this crying as the result of the novel impression of 
the cool atmosphere upon the surface of the infant's body, 
and of the sudden inrush of air into the lungs, which com- 
bine to excite the reSex action of screaming. If there is 
anything distinctly psychical about it — which is in the 
-lighest degree improbable — it could be merely a snb-conscious 
sense of discomfort. But according to Hegel, the cry of the 
child just born indicates "a revelation of his exalted nature." 
" Hia ideas being excited into activity, (1) the child feela 
Itimsclf straiylitway penetrated with the certitude that he 
has a right to exact from the external world the satisfaction 
of his needs,— tliat the external world compared to the soul 
itmounts to nothing." According, however, to Hegel's follower, 
Michelet, the cry of the new-bom child reveals "the honor 
fdt by the soul at being enslaved to nature; " or according to 
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tnotlier GermaQ writer, it is an outburst of wrath on the 
part of the new-comer at finding himself powerless against 
environing circumstnnces I Wherein is all this better than 
the coeraological vagaries of Plato ? Or wherein is it better 
than the speculations of those early Christian theologians who 
adduced the crying of the new-born babe in proof of its 
innate wickt'dness, and erected thi;reupon an argument in 
support of the doctrine that the unbaptized child is in danger 
of damnation t 

These wilder extravagances of the subjective method may 
serve to illustrate for us the close kinship between meta- 
physics and mythology, and to justify the pregnant observa- 
tion of Mr. Cliauncey Wright, that the method of the d priori 
philosopher is but an evanescent form of the method employed 
by the barbarian in constructing his quaint theories of the 
universe. When deeply considered, the subjective method, 
whether employed by the metaphysician or by the myth- 
maker, will be seen to consist in following the lead of a train 
of associated ideaa, without pausing to test the validity of 
the association by interpreting the ideas in terms of sensible 
experiences, — or, iu other words, without confronting the 
order of conceptions with the observed or observable order ol 
phenomena. As I have elsewhere observed, "it is through 
the operation of certnin laws of ideal association that all 
human thinking, that of the highest as well as that of the 
lowest minds, ia conducted; the discovery of the law of 
gravitation, as well as the invention of such a superstition as 
the Hand of Glory, is at bottom but a case of association of 
ideas. Tlie difference between the scientific and the mytho- 
.ogic inference consists solely in the number of checks which 
io the former case combine to prevent any other tnau the 
true conclusion from being framed into a proposition to which 
ibe mind assents. Countless accumulated experiences have 
taught the modem that there are many associations of ideas 
«hich do not correspond to any actual connection of caaso 
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and effect in the world of phenomena; and he has learni 
accordingly to apply to his newly-fi-amed notions the rigi) 
test of Verification, Besides which the snine accnmulation 
of experiences has hnilt up an organized etiucture of ideal 
associations into which only the less extravagant newly- 
framed notiona have any chance of fitting. The primitive 
man, or the modem savage who ia to some extent his 
counterpart, must reason without the aid of these multi- 
farious checks. That immense mass of associations which 
answer to what are called physical laws, and which in Ihe 
mind of the civilized modern have become almost organic, 
have not been formed in the mind of the savage ; nc 
learned the necessity of experimentally testing any of hiRl 
newly-framed notions, save perhaps a few of the commonest.^ 
Consequently, there is nothing hut superScial analogy to 
guide the course of his thought hither or thither, and the 
conclusions at which he arrives will be determined hy 
associations of ideas occurring apparently at hap-hazard.* 
Hence the quaint or grotesque fancies with which European 
and barbaric folk-lore is filled, in the framing of which the 
myth-maker was but reasoning according to the best methods 
lit his command." * Obviously the broad contrast here indi- 
cated between modern and primeval thinking is at bottom 
simply the contrast between tlie use of the objective and the 
subjective methods, — between the constant recourse to experi- 
mental tests and the implicit leliance upon mere subjectivs 
congruity. 
But it may fairly be urged that we ought to consider tht] 

* Do we not we hero how close la the ironnection. psyohologicallj, betwWB 
dtMioing, itiBiiiity, myth .moving, and reBfloning actonliiiR to the subJHctiTi 
mothodt It U not without reaaou that vre f am nionly speak of the "dnvu" 
nt mataiihyaieUnB ; and the distingiiisliing mark of inwiiity ia tha inabililj 
to teat the ralidity of one'a coaceptioiia by eenrrcntin^' thi:in with tha pheno- 
mena. On the other hand it ia in conatiiiitly B]>l>!yiiig chn teat of VerincatiaB 
that waking-thonglit, commau-aenae^ and tiiieutifia reanoiiiDg exhibit tiull. 
fcinehip with one nnother. 

* Jfytha and UyiA-mairrt, p. 211 
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Bobjective metbod as exhibited in some of its more plausible 

proceedings, if we would properly contrast it with the olijective 
method by which scientific discoveries are made. Let us do 
so; and, as we have just now alluded to the discovery of the 
Uw of gravitation as an iustauce of association of ideas 
oorroboraled by the employment of the objective method, let 
as chrioae our example from the history of that discovery, 
Doubtless the reasoning seemed very sound and plausible lo 
the Greeks, which, starting from the assumptions that the 
circle is the most perfect of figures, and that all motion is 
Daturally circular, proceeded to the inferences that the 
planets move in circular orbits, and that their motion is 
uniform. For twenty centuries this reasoning passed un- 
challenged. Until Kepler's time no one thought it necessary 
to make observations and ascertain whether, as a matter 
of fact, the planetary orbits were circular; nor previous to 
Galileo did any one think of verifying the premise that all 
motion is naturally circular ; nor did it occur to any one that 
the conclusion might not inevitably follow from the premise, 
— since the planets might, as in fact they do, move in an 
orbitwhich is not the natural path of motion when uniuterfered 
with. Now mark how ill it fared with this subjective order 
of conceptions as soon as it was confronted with the order of 
phenomena. In the first place, Galileo proved, by reasoning 
upon direct observations, that all motion ia naturally recti- 
linear, and not circular, — that, if you could set a body 
moving, apart from alt disturbing conditions, it would go on 
ijT ever in a straight line. This destroyed the premise of the 
subjective syllogism. Secondly, Kepler proved, by actual 
observation, that the planets do not move in circular orbits, 
with a uniform rate of velocity ; but that they move in 
elliptic orbits, with a velocity which periodically increases 
and diminishes. This upset the subjective conclusion. And 
thirdly, the passage from premise to conclusion was seen to 
^L have been wrongly made, since while the planets would 
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catnrally move in straight lines (supposing the motion of 
each one to be independent), they do actually move in 
tiiipses. 

In this exiimple is seeii the essential vice of the subjective 
method, the feature by which it is distinguished from the 
objective method. It ignores Verification, which is the 
comparison, by means of observation, experiment and deduc- 
tion, of the order of conceptions with the order of phenomena. 
Now verification is the great engine of the objective 
method. That method takes little heed of the Cartesian 
maxim, that whatever complex proposition can be distinctly 
formulated must be true ; the history of science having only 
too frequently shown that a proposition may be very 
distinctly formulated and yet he false. "That the velocity 
acquired by a falling body, at auy point, must be proportional 
to the spaci^ through which it had fallen," was a very distinct 
and plausible hypothesis, so long as it was not confronted 
with the phenomena. Yet it did not withstand the applica- 
tion of the test of truth, " since its negation was thinkable, 
and there was the equally distinct idea of the velocity being 
proportional to the time by which to oppose it. Then 
came the neces.sity for verification;" and by this criterion 
Galileo ascertained that the first-named conception — the one 
which had been held by the ancients — was erroneous, " and 
although the alternative conception which replaced it waa 
not more intelligible, it had the supreme advantage of being 
a more accurate description of the order of nature." There- 
fore " in all verifiable cases we dare not be confident that an 
explanation is true because its truth seems possible. Our 
conceptions of possibility are too contingent to form a secnr* 
ground of deduction. Thus, to Galileo, it at first seemed 
possible that velocity must be proportional to space, because, 
ji BO conceiving it, he had not distinctly visible to his mind 
all the elements of the problem ; in other words, all the 
possibilities." But when, in the process of veridcation tha 
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omitted elements of the case were bronght before the min<J, 
he discovered " t^iat the seeming poasibility was a fiction." 
The other alteniittive, that velocity is proportional to time, 
was found to be the true one, and the only one which could 
withstand the application of the test of truth. The connier- 
proposition, that the velocity is not proportional to the time,' 
is strictly unthinkable. For it involves the assertion that 
the same amount of gravitative force will cause, in a given 
second of time, an increment of velocity which is either 
greater or less than the increment of velocity which it will 
cause in the succeeding second. We are required to suppose, 
in the first case, an addition to the velocity without any 
addition to the force which causes it ; in the second case, we 
are required to suppose a subtraction from the velocity 
without any subtraction from the force ; and therefore, in 
either case, we are required to frame in thought an equation 
between something and nothing, — which is impossible. 

Tlius the objective method starts by verifying its premise; 
and, not content with any apparent congruity in its syllogiati* 
processes, it does not definitely accept the conclusion until 
that also has been confronted with the phenomena. And, if 
in the verified conclusion there is involved an unexplained 
residuum, far from giving up its conclusion out of deference 
to some imaginary subjective necessity, it acknowledges the 
need of a new search in order to account for such residuum. 
The old conclusion, that planetary motion is circular and 
uniform because motion is naturally circular and uniform, left 
no unexplained residual phenomenon. As an explanation it 
was complete, though utterly false. If asked why the 
planeta aove in circles with a uniform velocity, the ancients 

■ ToRpenk ot the velocity upraportiimal to tha time is, DnwevFT, «Mnie- 
■hat Ux uss of mechnnicai teriniDoloMT- Slrii^tty Bpeahiop, the relocitj ia s 
intfum of t. « time and of graritj. Since gravitative force increasei aa the 
*-i>d; tpproBcfacn tha earth, there are iniTeasiS incrciuBnta of vetocitj in anc- 
teaaiva equal times, f ntrodDcing thia corractioD iato the aenteuoH wbioh 
'allow, the ttaaoning beconet atrlotl; acconite. 
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might Lave replied, and in fact did reply, that it la hecaoi 
their motion ia uninterfered with. On the other hand* 
Kepler's theorem, that planetary motion is elliptical and 
rhythmically accelerated and retarded although motion is 
naturally rectilinear and uniform, left an unexplained residual 
phenomenon. As an explanation it was true, hut it was 
incomplete. When asked why the planets do not move in 
straight lines with uniform velocity, Kepler recognized a 
difficulty which must be explained, and which he tried to 
solve. In !iis perplexity he had recourse to the subjective 
method, and silggested that the planets were perhaps living 
animals moved hy their own volitions, or else that, as many 
of the Christian Fathers thought, they were controlled in 
their movements hy presiding archangels. Could we read 
all the unwritten annals of that time, we should doubtless 
find that many educated persons rejected Kepler's discoveries 
on account of this unexplained residuum ; attaching • 
higher value to the mutual congniity of a set of conceptions J 
than to their verification. And in fact we know that many I 
refused to accept the discovery of the acceleriited and^ 
retarded motion of the planets, on the subjective ground 
that it was "undignified" for heavenly bodies to hurry and 
slacken their pace according to Kepler's law.' Now mark 
the different behaviour of the objective method. Attaching 
a higiier value to ascertained conformity with observation 
than to any presumed subjective congruity of conceptions, 
Newton recognized the "unnatural" elliptic motion of the 

> On timilsr (rronndB the Ari-itntfliuis dented the exiateno* of tha mIh I 
ipoti; it bBing impoaaiblo "that the Eye of the UnirorBa slionH suffer frnK 
ijihthslmiB." Sea Proctor, The Sv-n, p. IBS.— "How can we •dmit tia.t 
Siitiire could 10 rrstrict hcirseU as to farm ntl organic *ad iiiurftnnic combina- 
nona in the jnoiild of four aubstaiici^ choneii at haunt, ~liyd roue d, bydro- 
ehlarie acid, water, and ammonia, — and to prodncs nothiof; but variitioiit ou 
tlirie four theniGBt" Beniark of Kolbe, cited in Wuru, IntrotliittiMt It 
CLfmlatl PkiUmphy, y>. e7.— And in like tnnutier we Kiinetinirs hear ailij 
li'ople t«JMt the Dam-minn theory on grounds of "dicuity." — il being *1V> J 
]'i>~eil that we are, in some incompreheniible way, "UejjndAd" by the di» I 
Mtvcij Uut otir mn'jto auuestura wera dumb ti^atti. 
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planets and the " unnatuTol " variations of that motion as 
residual facta \rhich needed to be explained by a verifiable 
hypothesis. Since the planets are deflected at every instant 
trom the rectilinear paths in which their own momuit-jin 
would fop ever carry them, there must be some unknown 
force acting in composition with their momentum. What )■ 
that unknown force 1 That it was the same ds the force 
wliich causes apples to fall, that it varied in amonnt in an 
inverse ratio to the square of the distance between the sun 
and the planet, and would therefore cause acceleration or 
retardation of velocity according as the planet in its elliptic 
path approached or receded from the sun, — all this was a 
most brilliant hypothesis, alleging no unveritiable agency, 
disposing of the unexplained residual phenomena, and 
making the Keplerian order of conceptions completely con- 
gruous. According to the subjective method, this was quite 
enough. And doubtless if Newton's mind had been con- 
itructed like Hegel's he would at once have announced his 
discovery on the strength of its presumed subjective necessity, 
and would have left it for some other more patient inquirer to 
verify its truth. But Newton, rigorously adhering to the 
objective method, saw that this was not enough. No matter 
how perfectly congruous the subjective order of conceptions 
may be in itself, it must be confronted with the observed 
order of phenomena and be shown to be congruous with 
that. According to the hypothesis the moon must be 
deflected on the average fifteen feet each minute from its 
natural rectilinear path. But Newton's own observations 
showed that tliis is not the case : the moon is deflected 
thirteen feet in each minute, and thus was revealed a 
discrepancy between the order of conceptions and the order 
of phenomena. It must ever be regarded as a truly sublime 
illustration of the exalted scientific character of Newton's 
intellect, that in an age when the inexorable requirements of 
scientific method were generally to little understood, he laid 
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aside for many years his brilliant and plansible conjectiii%- 
u being t hypothesis which observation refused to veri^. 
It was thirteen years after this tirat abortive effort had been 
made, that Picard's careful measurement of an arc of the meri- 
dian revealed the fact tliat the length of the earth's radius, 
Btid consequently the distance Of the moon, had hitherto been 
inaccurately estimated. Thus Newton was enabled to resume 
his calculations, and by ■ introducing the corrections now 
rendered necessary, to ascertain that the amount of the 
moon's deflection, caused by the eartb's attractive force, 
sliould be on the average thirteen feet per minute ; as obeerva- 
tioa had shown to he the case. Tlius, by the patient applica- 
tion of the objective method, the hypothesis -of gravitation 
was verified, and became an expression of the observed order 
of phenomena. 

I have dwelt at some length npon this concrete exampl^i; 
because it furnishes such manifold illustration of th*' 
difference between the metaphysical and the scientific modea 
of procedure. When rightly considered, it witi also enable 
us to estimate at their proper value the claims of Bacon to 
be regarded as the chief inaugurator of modern philosophy, 
as well as the criticisms made upon those claims by Bacon's 
detractors. We frequently liear it said, on the one baud, 
vhat Bacon's great merit consisted in overthrowing the 
Deductive Method practised by the ancients, and in substitut- 
ing for it the Inductive Method, upon which all modem 
AcientiSc discoveries have been made. Now such assertions 
imply a total misconception of the true state of the case ; 
and perhaps we cannot wonder that some critics believe tha^ 
in overthrowing them, they have removed Bacon from the 
high position which he has hitherto traditionally occupied. 
But this is a misconception as great as the other. The truth 
18, Bacon's admirers have advanced in his behalf claims 
which should never have been made ; while, on the other 
hand, hta detractors, in showing the futility of these olalou^ 
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have not really succeeded in taking away one jot or tittle of 
his rightful fame. In point of fact it wna not Bacon's great 
merit, hot his great deficiency, that he held in comparatively 
slight esteem the deductive method. This method is as 
tniatworthy and as powerful as the iuductive, provided it 
starts from verified premises, and ends by verifying its 
coaclusiona. Indeed in several of the sciences induction 
plays a quite suluirdiuate part. Matherantics, mechanics and 
astronomy (so far, at least, as relates to the dynamics of the 
solar system) are almost purely deductive sciences, and in 
the chief problems of bioloffy and political economy deduc- 
tion is predominant. It was chiefly through deduction that 
Newton reached the law of gravitation, that Harvey 
discovered the circulation of the blood, that Goethe arrived 
at his grand generalizations concerning animal and vegetal 
morphology, and that Adam Smith obtained the fundamental 
principles of political economy. These facta are well known 
to Bacon's adveraariea, who remind us also that, unlike 
Descartes, he never made any discoveries himself, and who 
further assert, with some exaggeration, that he never even 
worked out a scheme of induction which could be adopted 
and utilized by subsequent thinkers. It is true that Bacon 
never mastered any one science, as Descartes and Leibnitz 
mastered matiicmatics. Knowing little of mathematics he 
underrated the deductive method, which moreover had not 
yp.t been illustrated by the splendid triumphs of astronomy 
and physiology, and which to his mind was chiefly exemplified 
in what seemed to him the barren word-battles of the 
scholastic metaphysicians. It is also true that Bacon did 
not construct a thorough system of inductive logic whereby 
to illustrate his method. That great achievement was' 
reserved for Conite and Mill ; and indeed woald have been 
utterly impossible at any time before the present century, 
daring which the methods of the two chief inductive sciences, 
shemisttj aod molecular physics, have first been practically 
TOL-I. I 
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exemplified. All ttiis we may clieerfully admit, withont 
feeling called upon to abate our veneration for Bacon ia the 
least. For after all tbis has been granted, tbe fact BtiU 
remains that Bacon saw, more clearly than any of his great 
ciintemporaries, that the subjective method had been 
■(lefmitely weighed in tbe balance and found wanting, and 
that henceforth Verification must be insisted on as the 
essential prerequisite for every trustworthy conclusion. Thie . 
was the all-important truth which Bacon set forth again and 
again, impressing it upon men's minds with that majestio 
eloquence and prodigious fertility of illustration which 
characterize all his philosophical writings. Nor was he blind 
to the inevitable results of banishing the subjective method. 
Bacon saw and declared that ontologica! inquiries, as not 
admitting of verification, must be condemned as frultlesa; 
and h(j was the first to form that grand conception of, 
philosophy, as an organic whole of which the sciences and 
Bcienlitic methods are the organs, which I endeavonred to 
describe in the second chapter of this work. 

The piipular misconception of the nature of Bacon'* 
achievetiifnts rests upon a not unnatural confusion between 
the subjective and the deductive methods. The subjective 
method is indeed mainly deductive, but that is not the 
source of its weakness. It is not in reasoning downwaid- 
from a general proposition to a special conclusion that the 
danger lies. Tbe danger is in reasoning from an unveriiied 
premise to a conclusion which you do not stop to verify. 
Here we come upon the weak point in the system of 
Descai'tes. A mathematician whose genius and achieve* 
ments have perhaps never been equalled save by Newton, 
Leibnitz, and Lap.range, — Descartes was not likely to under- 
rate the value of deduction ; but he overlooked the necessity 
for constant verification. Though his scientific 
for more bnUiant than Bacon's — if, indeed, the latter can lie 
■aid to have bud any scientifio career — his coaception «Ci 
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pliilosophy was far less defensible than Bacon's conceptioo. 
He iiilmitted the necessity of verification in the so-called 
physical sciences ; but lietween physiolocry amJ psychology 
he <Jrew an arbitrary line, and thought tliat in the so-called 
moral sciences which lie beyond that line, verification might 
safiily be dispensed with- Here, in this higher region, he 
said, all wa have to do is first clearly to conceive some 
premise, and then to reason away ad Hbilum, as in mathe- 
matics, never fearing that the order of conceptions may not 
corresjiond wiLh the order of phenomena. And this view of 
metaiihysical method ia grounded upon the psychological 
errur, that in our transcendental or extra-sensible conceptions 
of Space, Time, Causality, etc. we possess " innate ideas " 
endued with a validity quite independent of experience, so 
that inferences logically deduced from such " innate ideas " 
can afford to dispense with objective verification.' The 
results of these incompatible teachings are written in history. 
In science Descartes has been the forerunner of Euler, 
D'Alembert, Lagrange, Laplace, Fresnel, Leverrier, and 
Helniholtz: in philosophy he has been the forerunner of 
Spinoza and Malebranche, Schelling and IlegeL 

The subjective method, as laid down by Descartes, has 
been carried out in metaphysics by no one more rigorously 
than by Spinoza, the most inexorable in logical consistency 
of all metaphysicians. With mathematical nicety Spinoza 
reasoned out a complete system of ontology, in which the 
tonclnsions are so inseparably bound up with the postulates 
that in order to overthrow them It is necessary to begin fcy 

- ■ The troth of a propisLtion la not (jiven aimply by ihowing Ihat it li ■ 
jBceasary canseqaence from some pri'i^eUinR propoaitioii j thai U only ahovring 
the logical operation to have been imp rone fi able ; and an operation a ly Im 
kecu rale I J performed although ita premiaes are ioeiact." — U'vces, Prabltwtt 
«/ Lifs and Uvui, toI i p. 381.— Of coupsb Descarlea. aa ■ maittemntician 
fanjiliar with tho process of rtduaio ad absurduTK, would freely ndiiiit ihia. 
But he would claim thitt there are auodry preniisea which, hi being Iratnnl 
d priori in accordance with the constitution of the Ihinkiuft mind, an not 
amenabte to the jurisdiction of experience ; and that heuca conclusIaDa 
drawn Iron these premiae* need be submitted onljr to » logical tesL 
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invalidating (ho postulatea. Could ha have verified hit 
postulate=(, he mi^ilit have given ns the outlines of a ayatem 
of absolute truth, tlms attaining a more wondrous eminenca 
than Galileo or Newton. Unfortunately his postulates ai* 
just the kind of propositions of which it mnat be snid that 
they can neitlisr be establisbed nor refuted : the data for 
verifying them are inaccessible, and must ever remain sa 
His system rest^ on the assumption tijat the noumsnal caase 
is like the phenomenal effect as rendered in terms of con- 
Bciousnoss, so that whatever is true of the one is ipso faeto 
true of the other. Herein lay Spinoza's error. Here is the 
fundamental distinction between the deductive method aa 
employed in mathematics, and as employed by Spinoza in 
metaphysics. Mathematics starts from simple propositions 
concerning quantitative relations of number and extension, 
which are verified once for all by a direct appeal to ex- 
perience; it proceeds from the known to the unknown. 
Metaphysics, as treated by Spinoza, starts from complex 
propositions concerning substance fcr se and eansa ejiincne, 
which have not been and cannot be veri6ed. It ventures 
into the unknown without having first secured a basis of 
operations in the known. So that, while Hegel was un- 
doubtedly justified, from his own point of view, in declaring 
that the philosopher must either be a Spinozist or nothing, 
our refuge from the dilemma is to be found in our denial o( 
the validity of that subjective method by the aid of which 
Hegel and Spinoza reached their conclnsiona. The method 
of mathematical deduction, as legitimately applied by Newton 
to verifiable postulates, led to a discovery prolific in perma- 
nent and magnificent results ; as illegitimately applied by 
Spinoza to unverifiable postulates, it led to an isolated 
system of ontology, barren of results, accepted in its inexop- 
ftble completeness by no one, — ^yet irrefutable, save by the 
refutation of all metaphysica 
Spinoza's ontological conclusions, being at once obnoxiona 
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and apparently inevitable, produced a crisis in philosophy, 

serving to raise doubts as to the validity of the subjective 
method, and to call iu question the truth of the postulate 
that "whatever ia in the Idea is also in the Fact It was 
thought necessary to stop and reconsider the processea by 
which our initial conceptions in metaphysics are obtained; 
and thus for more than a century pure ontological specula- 
tion wfas suhordin.ited to psycliological inquiricH. Tliua 
arose the great English school, whose especial function, with 
regard to metaphysics, has been to demonstrate, on psycho- 
logical grounds, the relativity of all knowledge. This move- 
ment, begun by Hobbes and continued by Locke and 
Berkeley, thougli productive of many brilliant and perma- 
nent scientific results, was suicidal so far as metaphysics 
is concerned, for, as we saw in the preceding chapter, it 
has ended in the Scepticism of Hume, and the Positivism of 
Comte and MiiL The researches of Hobbes on the laws 
of association, the adminible though incomplete analysis 
of mental operations achieved by Locke, and Berkeley's 
explanation of the phenomena of vision, were genuine 
additions to our knowledge. But, as has frequently been 
pointed out, they were obtained only through the employ- 
ment of the objective method. Tlie precepts of Bacon, so 
thoroughly in harmony with the cautious and practical 
temper of the English mind, led these great thinkers to 
forsake the high road of d priori ratiocination for the surer 
though more tortuous path of patient observation ; and 
ao Ions *^ ^^^y adhered to psychology, they were really 
scientific inquirers, as much as if they had been physiologists 
or chemists. This departure from metaphysics was carried 
■till farther by Hartley, who, working the deepest vein of 
the Lotkian philosophy, prepared the way for James Mill to 
bring psychology still more thoroughly under the sway o/ 
scientific methods. But the imperfect condition of biology 
prevented the significance of tiiia movement from being 
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Jetocted in the eighteeuth century. The khouig of HiJirley 
were almost entirely overshadowed by the superficial sensa- 
tionalism of Condillac and the crude materialism of Helv^tins 
and Holbach. The distinctly inferior character of French 
psychological speculation since the death of Malebranclie 
■ appears strikingly both in these shallow systems, and in the 
spiritualistic reaction against them which the present cen- 
tury has seen conducted by Laromigui^re and Victor Cousin ; 
a philosophy made up of mere tawdry rhetoric, quite in- 
nocent of obaeiA'alion and induction,^ resting on passionate 
appeals to the testimony of "le aeur ;" which finally, in our 
own times, has (it would appear) haranr;ued itself to death. 
But in England and Germnuy things took a different course. 
The scepticism of Hume, as the most conspicuous consequence 
of Berkeley's profound analysis, produced a second crisis in 
philosophy, and led Kant to re-examine the psychological 
problem, iu the hope of arriving at some positive result. We 
have already remarked upon the inconsistency in Kant's final 
conclusions ; demonstrating as he did, on the one hand, the 
relativity of knowledge, yet on the other liand maintaining 
that in necessary truths we possess a kind of knowledge not 
ultimately referable to the registration of experiencea We 
have now to note bow Hegel has based upon this doctrine 
of d priori knowledge an explicit and uncompromising 
assertion of the validity of the subjective method, which 
by reason of its very outspokenness proclaims itself as 
the Tcdiictio ad absurdum of metaphysics. 

Starting from the postulate that deductions from d priori 
premises furnished by pure reason have a higher validity 

' "Qniconqne entre duns I'^lndn dn IVgprit hnnmiii par 1» Toie do Im r*- 
BexioD, niarrlie droit nu but. Quivouuue no riiU d'auli-e mitliodu qua la 
Blithode eipiiriinenlale de Bsflon et i!e Newlon, ne court pas U riaqm, il eat 
Trai, de timber dans lea hyj>i)lhtiea extnirngant^n, mala xe r.oiidiimne it del 
uirciiils irameusFa qui aliontinsenl k den rcaiillats m^dioures," — Cousin, 
Philotophie Eauaaiat, p. 307. A fair annipte ol M. Cciisiii'a appreciatioa 
oracientific molhoi]. The diacuvciv of Ulo law of giavitaliuu, lMifpal«t«K 
Kwof tkoM " riaaltola midiociM t 
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than inductioDf' from premises supplied by aensible ex- 
perieuce, Hegel apeedily arrives at au ingenious solution 
of the antinomies which baffle the ordinftry thinker who 
seeks to frame liypotheaes concerning objective reality. The 
customary rules of ratiocination, based upon a collation ol 
the results of sensible experience, are set aside with a higli 
hand. If it be declared that we can and do cognize- objecls 
apart from the limitations imposed by our intelligence, tbu 
apparent contradiction in termii is no obstacle to Hegel, 
There is a contradiction no doubt, but what of that ? Truth 
has been vulgarly supposed to consist in agreement. Not a 
bit of it: it consists in contradiction. This is one o: tho 
fundamental postulates of the Ilogelian logic. The Test of 
Truth is not that "a is a," but that "A is not A." Every- 
thing which is, is that which it is not.' Ifon-exifltencc 
esbts, because it is a thought; pure Being also, in the 
absence of determinative conditions, i8 not distinguiBhable 
from Not-being; therefore Non-exiatence is the same as 
Existence, and contraries are identical. An idea ia not a 
modification of the subject ; an idea is the object. In 
coming into existence, the Idea comes into non-existence ; 
it negatives itself. "But the process does not stop there. 
The negation itsi'lf must be negatived. By this negation of 
its negation, the Idea returns to its primitive force. But it 
is no longer the same. It has developed all that it con- 
tained. It has absorbed its contrary. Thus the negation 
of the negation, by supprcssiTig the negation, at the same 

* In • eertata cenM tliia ffitemeiit ii proroiindl;^ tme. Notblnft ia ItMll 
without being to aome extent sonitthltif; elsr. Or, m other words. It ii im- 
possible sbuiply to demitrcate an indiviiliml entity from iJie rsmtiDder ol 
exi«t«iic«, and to cognixe it in individual iiioUtion and conipletettess. Fol 
tks simplest act or cognitian involvES a lapse uf time, during which the 
iudiridiud entity cognized has tost cerCalo attributes and acquired certain 
Mhers. and hms thus become diflerent from itself. This is the obreraa of tbe 
sidentltic truth lluit nowhere is tliere such ■ thing as Rent, or the maiDtenance 
if a giren sUdut,—^ truth which lies it the bottum of the Dogtrige of Eva> 
.itiau. Hegel's fiiult, howevsr, ia that be doi» uut ass this truth viMitf- 
InaUjr, but ainplojri it as a fonnuU to coi^un with. 
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time praerves it," J%m sida of the room ia th» other tidt ; 
because, if you turn arouDd, Ikia is Huit, and tkat is this; 
and consequently eveiytliing ia its own opposite. Every- 
thing is thua made easy. We may say, for instance, that matter 
is infinitely divisible, because it follows ipso fado that it is 
not infinitely divisitde, and thus the Gordian Knot is cut. 

In the eye of science, as in the eye of common- sense, all 
this ia supremely ridiciilous.^the very enthronement ot 
Unreason. Tet the significance ot the whole is lost if we 
fail to remember that Hegel was not a fool or a lunatic, but 
was unquestionably one of the clearest, strongest, and most 
consecutive reasonors that the world has ever seen. Much 
has been said of the uuiutelHgibleneas of Hegel,' and many 
a witticism has been made at his expense. But the unintel- 
ligibleoesa of Hegel does not result from indistinctness of 
thought or slovenliness of expression. On the contrary, it 
seems to me that his thoughts — or rather, perhaps, the 
symbols of his thoughts — are very distinct, and that his 
style of expression is remarkably simple, clear, and direct 
When by chance he treats of sublunary topics, his style ia 
often as pithy and lucid as M. Taine's. And had the con- 
tents of liis thinking consisted of propositions formed from 
the colligation of sensible experiences, instead of propositions 
built up of empty verbal symbols, he would no doubt have 
taken rank among the greatest of the teachers of mankind. 
The world-wide difference between Hegel and Mr. Spencer, for 
uxample, does not consist chiefly in the fact that the latt«r is 
a clearer, more patient, and more logical reasonei ; it consists 
chiefly in the fact that the symbols with which Mr. Spencer 
does his thinking are translateable in terms of sensible 
experience, while the symbols employed by Hegel are not 

' The itoijii cnrrent that on bc[Ti(; BsVed 
writtcu jenn before, (be great metapbysicisn 
" When I wrote that paasBifB, Uiare were (■' 
tnj»-lr. Now, a\aa, God alone nndcratanils 
•nultlr chanotemtio. like nrnat niyttu. 
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thm translatoabla The difference is, in the main, k dif- 
ference of method. Indeed, when a man of Hegel's vast 
ability givea to the world, aa the resiJt of a whole life's 
arduous toQ, such a system as the logic of contradictories 
above described, it is evident that there must be something 
incurably vicious in the method upon which he has pro- 
Yet that method is the subjective method in its 
absolute purity. Starting with the assumption that what- 
ever is in the idea is in the fact, it makes but a short step to 
the assumption that whatever is in the word is in the fact. 
It mistakes words for ideas, and ide^is for facts. Hobbes 
baa somewhere said that " words are the counters of wise 
men, but the money of fools." They are certainly the money 
of Hegelism. That philosophy is built up of propositions 
which are verbally faultless, but which correspond to no 
reality, which are in the likeness of nothing existing or, in 
the true sense of the word, conceivable, in either the heavens 
above, or the earth beneath, or the waters under the earth. 
The contempt of Hegel for those deluded creatures, like 
Newton, who have spent their time in investigating facts, is 
both amusing and instructive. Far be it from Hegel's logic 
that it should stoop to look at facts. It makes a statement 
which is verbally perfoct, and if the facts do not conBrm it, 
Eo much the worse for the facts. Goethe, in one of his con- 
versations with Eckcrniann, tells a pithy story about the 
founding of St. Petersburg. The Czar wished it to be situated 
on the low ground at the mouth of the Neva, so that it 
might resemble the Amsterdam where he had lived in his 
yonth. An old sailor remonstrated, telling him that a town 
in that locality would ha troubled by the frequent over- 
flowing of the river; and pointed to an ancient tree upon 
which were marked the various heights to which the water 
Vdd in past times ascended. But Peter refused to believe 
'/he testimony; the tree was cut down, that its unwelcome 
aridence might be suppressed, and the work of builling 
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went on. This was what Hegelism would be if carried onl 

practically and transferred from the world of supra-sensiblee 
to the world of phenociena. When a fact is unwelcome, 
just take the principle of coutradictiou, and cut it down. 
Hegel will not hear of verLtication ; he looks with unutter- 
able scorn upon such men as Bacon for insisting upon thf 
necessity of it. And we need not therefore be surpriacO 
when we find him proclaiming the philosophic superiority 
of the PLoleinaic astronomy over the Copernican, for the 
subjective reason that it consorts betti^r with the dignity of 
man that he should occupy the central point of the universe '. 

This opens to us a new point of view. Hegel is vir- 
tually a pre-Copernican. For him modern science and 
its methods are practically non-existent. His philosophy 
was bom too late. It belongs to the twelfth ceutury 
rather than to the nineteenth. He is a echoolraan reared 
out of season. Here, I believe, we hare the key to Hegel'a 
position. 

The realistic tendency — the disposition to mistake wen's 
for things — is a vice inherent in all ordinary thinking. It is 
a vice from which every thinker who would arrive at truth 
must begin by freeing himself. In all ages, men have fought 
over word^, without waiting,- to know what the words really 
signified. Even great thinkers do not always escape the 
temptation. Mr. Mill, for example, speaks of Ciesar's " over- 
throwing a free government." as if CiEsar had been a o 
temporary of Pitt. He reasons sulely on the strength of the 
word "free," forgetting that the "free government" over- 
thrown by Cffisar was in reality a detestable mixture of 
despotism and anarchy. Words indeed are the money of all 
of us, until we learn, by severe discipline, to regard them" 
merely as counters. But it was in the Middle Ages that 
realism was moat uncurbed. In those days men maintained, 
with sober faces, that because we talk about Man in the 
abstract, there is an actually existing thing called Man, 
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distinct alike from all individual men and from all men 
t^aken cnllcctively. This and that man exist; all men exist ; 
aud Man exists likewise, — such was one of the I'uiidamenlal 
theoi'eraa of the realistic philosophy.' Scholasticism was » 
long and hard-fought dialectic battle, in the course of which 
this realism, as an avowed system, was at Inst utterly routed. 
And the ^reat result of scholasticism was the purificatioQ of 
Latin philosophic terminology from its realistic imp'''»itions. 
By that long contest, which on a superficial view seems eu 
barren of result, the English as well aa the French, and all 
languages which derive their philosophic nomenclature fcom 
the Latin, have been incalculably benefited. There was no 
likelihood of a Hegel in any language which had passed 
through the scholastic furnace. But German bad never passed 
through such nn ordeal. Its philosophic terms had never 
been reduced to their real value. As Mr. Lewea veiy 
happily observes, it did not recognize the old ignis fatutitf in 
itB new Irrlicht. Nowhere but in Germany would a Hegel 
have been possible in the nineteenth century. And that the 
peculiarities of the German language are to a great extent re- 
sponsible for bis abcn'ations, has been acknowledged by later 
Crerman critics. The testimony of Biichner, which on most 
vital points of philosophy I should be very slow to cite, is 
^uite admissible here : — " The playing with high-sounding but 
iboroughly empty words has been the fatal vice of German 
philosophy. . . . We have often with justice been advised 
to translate our philosophic treatises into a foreign tongue, 
m order to rid them of their unintelligible verbiage. But 
assuredly few of them could bear the test," A similar com- 

' "In Ihe great midittvn! doptrine of twnsnhatan tin linn, the BciiDoIniin 
wonlil bkva bern the tint to *dniit that Do chi^mical Biialysia would detect 
taj chan|;e in the conaecmted etenients. But he aiKrtetl tli>it the indi- 
ndualitj of the bread (its breadLcu) was exchanged for the i mi iv [duality of 
Chriat (hii humano-dirinityj." — PetrBon, Eurly and JUiddli Agtt qj 
Sagtand, ToL L p. 6IS. An excellent illiiBtnition of tlia rralistic iDethod. 
*t wu a QoamenBl, cot k phenomeiu) cbaJig* : the latter waulii hart bean 
' tnnsBccidBatatioa. ' ' 
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plaint, with especial reference to Hegel, has been made by 
Schopenhauer.* 

Agaiir, let ua not fail to observe that in characterizing 
Hegel's logic of Cdntradictories as repugnant to cominon- 
aense, we urge an objection which, however valid it may 
seem to ua, would to one in Hegel's position have no weight 
whatever. For Hegel's fuudanieatal po3tulate is that deduc- 
tions from d priori premises furnished by pure reason have 
an incomparably higher validity than inductions from pre- 
mises supplied by sensible experiences; and consequently, 
while we are seeking to found philosophy in common-sense 
— or in science, which la simply common-sense rectified, 
extended, and methodized, — Hegel, on the other hand, enter- 
tains no such purpose. Fliilosopby, with him, lies quite out 
of the range of common-sense, — which is merely the oi^ani- 
zation of sensible expeiicnces, — and if there be conflict 
between the deliverances of the two, it is common-senBe 
that must go to the wall. With this perfectly logical, 
though practically absurd, conclusion, we may fitly compare 
Schelling's declaration that philosophic truth is to be 
attained only through the exercise of a faculty superior to 
reason ; which faculty ScheUing called " Intellectual Intui- 
tion." This " was not supposed to be a faculty common to 
all men; on the contrary, it was held as the endowment 
only of a few of the privileged : it was the faculty for philo- 
Hophizing. ScheUing expresses his disdain for those who 
talk about not comprehending the highest truths of philo- 
lophy. 'lieally,' he exclaims, 'one sees not wherefore 
fhilosopby should pay any attention whatever to Incapacity. 
It is better rather that we should isolate Philosophy from 
ill the ordinary routes, and keep it ao separated from 

* SohopenliBaer, fodeed, quite loses hia pktienc* over Hvgel'a Tcrbal lege^ 
demiin, anil ciUi limi a " geisijosen, nuwiHaeiidrn, UdkIiiu «e!iniiereiideD, dit 
Eopfs durcb beis^nrtlos hbhlen Wortimiii vau Gnind hub uud auf immer dat- 
DrgauiiireiideD PniloBojiliaHtcr." I') I r|iiote rrom meniory, kod GaUDOt mm 
teconr tlu pusags wlisrs Uu> ouLbicik. ovuun. 



1 



I 



I 




TffE TWO METHODS. 



lis 



ordinary knowledge that nona of these routes should lead to 
it. The hifthest truths of science (!) cannot be proved, they 
must be apprehended ; for those who cannot apprehend them 
there is nothing but pity ; argnment is useless.'"' Here in 
the explicit rejection of tlie fundamental conception of 
Cosmic Philosophy aa a further organizntion of science, 
%phich is itself a further oi^anization of common linow'edge, 
we see at the same time the most explicit adoplion of the 
subjective method. And it is worthy of note that, in thia 
emphatic declaration, modern metaphysics ends in precisely 
the same redudio ad absurdiim in which ancient metaphysics 
met its doom. The incompetence of ordinary reason to 
construct a science of ontology having been folly demon- 
strated, the task is transferred, by Schelling as by Prokloa, 
to a "divine light," which is supposed to irradiate the soula 
of a. few privih'ged teachers. Obviously this is equivalent 
to the confession that, as a process of rational investigation, 
the subjective method has been definitely tried in the balance 
and found wanting. For to recur to b " divine light," or to 
seek refuge in the identity of contradictories, is only to show 
the more convincinj,']y that human thought cannot, save by 
a mere jugglery of words, even appear to escape from the 
conditions under which alone is valid thinking possible. 

We have now sufficiently illustrated, by concrete examples, 
the difference between the subjective and objective methods, 
which is the practical difference between metaphysics and 
science. We are accordingly in a position to consider, bodh?- 
what more closely than we have hitherto done, the essential 
point of difference between the scientific mode of philo- 
sophizing which we accept and the metaphysical mode of 
philosophizing which we reject. It is welt that, in our polemic 
against metaphysics, there should be no room left for am- 
biguity or misconcftption. It has already been sufficiently 
explained that in doing away with metaphysics we do not Mt 
* Lewu, HUttrry of FkiioijpXy, 8rd edit toI, ii p, S21 
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aside philosophy, hut place it on a firmer foundation than 
before, And while it is thus apparent that we have not 

identified metaphysics with philosophy, it ia also evident that 
we have by no means fallen into the vulgar error of identi- 
fying it with psychology, or the inquiry into the phenomena 
of consciousness, which is as much a science as chemistry or 
physiology. How, then, shall we precisely define the meta- 
physics i^ainst which we have, during these five chapters 
and from various points of attack, been waging war 1 

To arrive at the true meaning of " Metaphysics," we can 
hardly do better than go back to the historical origin of the 
word. Aristotle wrote a treatise on Physics, and also an 
elaborate dissertation upon sundry transcendental topics, which 
being placed immeiiiately after the other in his collected 
works, rec(>ived the title of ra ^ero rd ^vaiKa, or " Thinga- 
which-come-after-the-Physics." It was in this way that the 
term came into use ; and it needs but little playing with 
the elastic significance of the preposition, to arrive at a 
thoroughlyjust ideaof the meaning of the expression. Meta- 
physics, thus considered, means a set of inquiries which lie 
beyond the hounds of Physics. Physics, — in the widest sense 
of the word, — dealing solely with phenomena in their rela- 
tions of coexistence and succession, metaphysics deals with 
something lying beyond the phenomena A physical explana- 
tion is content with analyzing phenomena as it finds them ; a 
metaphysical explanation is not content until it baa added 
something not given in the phenomena. Metaphysics, there- 
fore, is not confined to psychology, but may deal with any 
subject, and lias in fact obtruded its explanations upon most 
suLjecta. When mercury was seen to rise iu a tube, ia appa- 
rent contradiction to the general phenomena of gravity, meta- 
physics said that it was because " Nature abhorred a vacuum." 
Physics, without going beyond the facta given in the case, 
explained it by a reference to the pressure of the atmosphere 
Upon tlie mercury without the tube. So the phenomena of 
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causation were metaphysically explained by the snppitsition 
of a BpeciSt; hiddea power in tlie cause, which constrains 
t!ie effect to follow. Hume denied the existence of any such 
flpeiiific hidden power, and his denial waa also nn^taphysical, 
Imcause neither the presence nor the absence of such a 
s|ineifio power is a necessary inference from the phenomena. 
1;' WB wonld keep clear of metaphysics, we must in 8uch a 
laro neither afBim nor deny concerning a subject which liea 
iHcerly beyond our reach. Physics knows nothing of cauaa- 
I ion except that it is the invariable and unconditional sequence 
of one event upon another: whether the one event, in a 
metaphysical sense, constrains the other to follow it or not 
we cannot telL Physics knows nothing of such constraint 
— neither that it exists, nor tliat it does not exist. 

For the raoment I have, somewhat too freely, nsed the 
word "physics" as synonymous with "science" ; for I have 
aimed at bringing out the fundamental distinction between 
metaphysics and science, — which is this;— ^ scientific «c- 
planalion is a hypolhesis which- admits of verification, — it can be 
either proved or disproved; while a me'aphyBiiial explanationis 
a hypothesis which docs not admit of verification, — it can neither 
he proved nor disprowd. Newton's hypothesis of gravitation, 
to account for the planetary motions, was strictly scientific ; 
and ao was Descartes' hypothesis of vortices, to account for 
the same phenomena. The former admitted of proof, and 
the latter admitted of disproof. But Stahl's hypothesis of a 
Vital Principle, to account for the phenomena of life, waa 
strictly metaphysical. Whether it is true or not, we can 
never know. Push our researches as far as we may, we can 
Vnow life only as the assemblage of certain phenomena, 
displaying the activity of certain forces. Whether in addition 
to ihij there is a Vital Principle or not, no amount of research 
can ever tell us. Science has simply nothing to do with it. 
Tbna we see that the fundamental difference between 
itaphysics and science ia the differenca between tht 



COSMIC PMILOSOPHT. 



C" 



Bobjective and the objective methods. That the diFTerence 
in method is more fumlaraental than the difference in the 
character of the objects which are studied, is shown by the 
fact that " a theory may be transferred from metaphysics to 
science, or from science to metaphysics, simply by the addition 
or the withdrawal of its verifiable element" Thus, as Mr. 
I^wea observes, "the law of universal attraction becomes 
pure metaphysics if we withdraw from it the verifiable 
specification of its mode of operation. Withdraw the formula, 
' inTersely as the square of the distance and directly as the 
mass,' and Attraction is left standing— a mere 'occult quality,' 
Indeed tlie Cartesians reproached it with being such an occult 
quality, and stigmatized it as a revival of Aristotelianism, 
On the other hand.arfrf this verifiable formula to the 'inherent 
virtue ' of the old metaphysicists, and the result is a strictly 
scientific proposition." ' 

Here also is revealed the inherent weakness of meta- 
]ihysics: it is incapable of makinj" discoveries. For veri- 
fication is absolutely essential to discovery. No theorem 
can be accepted as a discovery until it has been verified, 
and the theorems of metaphysics do not admit of verification. 
Hence the utter barrenness of the metaphysical method. 
From Thales downwards — according to the current reproach 
— philosophers have been disputing over the first principles 
of their subject, and are now no nearer to a solution than 
when they began to dispute. It is not, however, as is some- 
times superficially supposed, because metaphysicians' disagree, 
that their method must be rejected by any philosophy which 
would found itself upon science ; but it is because their 
disayreement can never end in agreement,— can never lead 
to knowledge. Since there will always be room for difference 
of opinion on many subjects, until the human mind shall 
have explained and classified all the phenomena of nature, 
it cannot be demanded of any system of philosophy that it 

■ LtwtM, AriitBlU, p. SI, 
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shall admit only such conclusions as are not open to con- 
troversy. Such a requirement would virtually prohibit 
philosophy altogether. The difference between a scientifio 
and a metaphysical theorem is not that tho former is not open 
to controversy, but that it admits of verification ; it can, 
either now or at some future time, be proved to be either 
true or false. All such theorems may be admitted by a 
scientific philosophy. Until they have been verified, we 
may take account of them provisionally, as legitimate hypo- 
Lhesea : after they have been put to a crucial test, we may 
either incorporate them with our philosophy or definitely 
abandon them. Our philosophy, therefore, like all the sciences 
whence it obtains the general truths which it seeks to oi^anize 
into a body of universal truth, may admit any number of 
subjects of dispute; bat it can admit no question as a fit 
subject of dispute, which, from the nature of the case, can 
never be settled. It is perfectly in keeping, for example, for 
two upholders of the Doctrine of Evolution, as well as for 
two scientific specialists committed to no gem-ral doctrine, 
to hold opposite views concerning the hypothesis of sponta- 
neous generation. Since this is strictly a scientific hypothesis, 
dealing solely with phenomena, and invoking no unknowable 
agencies; and since there is no reason, in the nature of 
things, why it should not sooner or later be established or 
overthrown by some crucial experiment ; there is nothing 
anomalous in the fact of two such thorouffhly scientific 
evolutionists as Prof. Huxley and Dr. Eastian holding 
opposite opinions as to its merits. But it would not be 
in keeping for two scientific philosophers to wrangle over 
Leibnitz's doctrine of Pre-established Harmony, because that 
is A hypothesis which can never be proved or iiieproved. 
The data necessary for its verification do not exist, and 
therefore no ayslem of philosophy, which would teep clear 
of metaphysics, can recognize it as a legitimate subject for 
inrestigatioo. Again, in the eighteenth centuiy there wets 
TOL.I. K 
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two rival theories of light. According to tte theory of 
Newton, a ray of light ia a linear series of material cor- 
puscles, darted from the luminous object. According to the 
theory of Huygliens, a ray of light is ei system of molecular 
undulations which move outward in ever-increasing con- 
centric sheila whose normals are radial, end which are set 
in motion by undulations among the molecules of the lumi- 
noua object. At the beginning of the present century the 
corpuscular theory was submitted to a set of crucial investiga- 
tions which overthrew it; and more recently the undulatory 
theorj' has been submitled to a course of crucial investigation 
which has finally established it. Both these theories were 
scientific in conception, and previous to the researches of 
Young and Fresnel a scientific philosopher might have con- 
sistently espoused either. Such are the controversies of 
science, which sooner or later have always led, and will 
always lead, to agreement and to knowledge. Far different 
is it with the disputes of metaphysics, which — conducted 
upon the subjective method, and dealing with unverifiable 
hypotheses — have never led, and can never lead, to anything 
but an endless renewal of dispute, in scFcula saiculorum. 

In this c mdenination of the subjective method, the Cosmic 
Philosophy here expounded is entirely in harmony with the 
Poaitivt; liiilosophy, as set forth in Comte's first great work, 
and as held by M. Littr^ and Mr. Mill. Indeed there is 
probably iiotliing in the present chapter which might not be 
cited by ilie I'usitiviBt in confirmation of his opinions as to 
the limits of philosophical inquiry. The Positive Philosophy 
is based upon the assertion of the relativity of all knowledge; 
and, however fatally inadequate may have been its psycholo- 
gical interpretation of that doctrine, there is no ground for 
accusing it — as represented by Mr. Mill and M, Littrd — of 
inconsistency in its adherence to the scientific method for 
which the doctrina of relativity supplies the justificatioa 
Since Bacon's time there have been few thinkers who hav* 
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insisted more strenuously than Comt« upon the necfssity ol 
distinguishing between legitimate and illegitimate hypotheses, 
or who have more clearly prescribed the conditions under 
which alone can any given hypothesis be regarded as legiti- 
mate. Unfortunately, by a strange and ironical fate, the 
writer who contributed so much toward the establishment of 
sound methods of philosophizing, lived to become a proficient 
in the subjective method, a pitiless scomer of crucial experi- 
ments, and a weaver of vagaries which might well be matched 
with those above cited from Plato and Hegel. The historical 
importance of this phenomenon is great enough to justify ua 
in treating it at some length. 

Though in Comte's earlier works a somewhat obtuse sense 
of the requirements of veriScatiou is now and then to be 
noticed ; and though there is a tendency, which visibly in- 
creases toward the end of the " Philosophie Positive" to sub- 
stitute intensely dogmatic ex calhedrd dicta in the place of 
arguments; yet the necessity for strict obedience to the 
objective method is nowhere explicitly denied. It is in- 
sisted, with entire justice, that every hypothesis which does 
not admit of verification should be remorselessly discarded 
from philosophy; and that even a veiifiable fa^'pothesia 
should never be incorporated as a part of philosophy or 
science until it has been actually verified. Far different ia 
the attitude taken by Comte in his later works, when he ia 
attempting to reconstruct society. In the " Politique Posi- 
tive " he begins by endeavouriug to reinstate the aubjective 
method; deluding himself, by a play upon words, into the 
Dclief that that method can be so reformed as to become 
available in the search for positive truths. " The subjective 
•uetliod," he tells us, "possesses striking advantages which 
can alone compensate for the inconveniences of the objective 
method." This unhappy sentence is of itself enough to show 
tow far the writer had strayed from positive grounds. Here 
ire see the necessity for coustant verification characterized 
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regeDeratiDg it save by forcing it to verify its premises and 
conclasions; and when thia ia done, it ceases to be the sub- 
jective and becomes the objective method. But Comte thinks 
this is not necessaiy; the Bubjective method raay be used 
provided it be employed only upon Ecieutific questions, only 
in ascertaining the laws of phenomena. That is to say, as 
long as you confine yourself to scieii'.iSc (Questions, and leave 
theology and nietaphyaics alone, you may imagine -^uuie 
plausible hypothesis and then reason away until you bav? 
worked out a whole theory of natural pheuomcua, nevei 
stopping to observe or experiment, but dogmutiuiiliy pro- 
claiming your conclusions as iulallible because they seem to 
flow logically from the premises I Can it be that we are 
here listening to the man who spent one half of his life in 
investigating the history of science, — the man whose labuuiB 
did 80 much toward renovating iuductivc logic? The whole 
bistoiy of science proclaims the uttei absurdity of the posi- 
tion taken by Comta The subjective method has been em- 
ployed, from the earliest times, upon purely scientific ques- 
tions which took no note of causes, efficient or final; and its 
eternal impotence is illustrated upon every page of the annals 
of Bcientitic error. In molar physics, it led to the doctrine 
iliat all motion is natui'ally circular ; in astronomy it per- 
suaded men that the sun aud planets move in circular orbits 
about the central earth; in chemistry it instigated many 
generations of experimenters to the fruitless effort townvert 
lead or iron into gold ; in physiology it suggested the notion 
that the arteries are air-vessels, and caused that notion 
to be ^eld for centuries ; in pathology it sanctioned the fal- 
acy that fever is an unnatural exaltation of the powers of 
the organism, — a fallacy which has sacrificed many a valuable 
life to the lancet ; in political economy it favoured the de- 
lusion, born of selfish instincts, that the commercial interests 
of each cooniiuuity are antBgonistic to those of the communi- 
ties with which it trades. — a delusion which is rcspoosibla 
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for much foolish warfare, and which underlies the whole 
iniquitous system of so-called " protective " tariffs by which 
80 many countries are even yet impoverished. Verily this 
illegitimate deduction, which verifies neither premise noi 
conclusion, but relies wholly on subjective coherence, hau 
been tried quite long enough by the test which Comte 
recommends for it. Just so far as men have verified their 
hypotheses, either by direct observation, or by deduction 
based on observation, have they extended the boundaries of 
knowledge. Just so far as they have neglected such verifica- 
tion, have they gone astray amid the countless vagaries which 
have ever loved to encumber the path of scientific inquiry. 
To admit that we do' not know what we have not verified 
requires rare self-denial, no doubt; a self-denial to which 
nothing, save the patient habit of scientific inquiry, can fully 
accustom us. This is the " incouvenience " of which Comte 
speaks, as attaching to the objective method. But mankind 
are fast reaching philosophic maturity; and we are already 
getting too thoroughly used to the requirements of science 
to be much longer content with the cliihlish device of play- 
ing that whatever is in our ideas is in the facts. Wh:itevet 
may be our failings in practice, we have become nearly 
unanimous in the declaration that before any hypothesis can 
be accepted it must be verified. 

Strange that in the latter half of the nineteenth century 
these criticisms should still need to be made I Stranger stitl 
that ihey should be called forth by the writini^s of the great 
successor of Bacon and organizer of positive philosophy! 
Strangest of all that able men should still be found so 
imbued with the spirit of disciplesbip as to resort to all 
manner of logical subterfuges in order to destroy their force I 
Tet to show that I have by no means exuggerated the 
perversity of Comte's position, let me cite a page from Mr 
Mill. " Among all the aberrations of scientific men, Comte 
thiuka none greater than the pedantic anxiety the" show 
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tat complete proof, and perfect rationalization of scientific 
processea. It ought to be enough that the doctrines afford an 
explanation of plieuomeiia, consistent with ilaelf ami with 
known facta, and that the processes are justified by tlielr 
fruita This over-anxiety for proof, he oomplaina, is breaking 
down by vain Bcruplea the knowledge which seemed In 
have been obtained ; witness the present state of cheiii''''rv 
[iu 1854], Tlie demand of proof for what has been accepted 
by Humanity .... is a revolt against the traditions of the 
human race. So early had tlie new High Priest adopted the 
leelinga and taken up the inheritau^ie of the old." Mr. Mill 
goes on to remark upon the new sense in which he bejjan to 
employ his famous aphorism that " the empire of the dead 
over the living continually increases." "As is not uncom- 
mon with him, he introduces the dictum in one sense and 
uses it in another. What he at first means by it is, that s.-t 
civilization advances, the siim of our possessions, physical 
and intellectual, is due inadecreasing proportion to ourselves, 
and in an increasing one to our progenitors. The use he 
makes of it is, that we should submit ourselves more and 
more implicitly to the authority of previous generations, 
and suffer ourselves less and less to doubt their judgment, 
or test by out own reason the grounds of their opinions. 
The unwillingness of the human intellect and conscience, 
in their present state of 'anarchy,' to sign their own abdi- 
cation, he calta 'the insurrection of the living agaiuat the 
dead.* To this compVixion has positive philosophy come 
■tlastl"* 

To realize the completeness of the break between Comte's 
earlier and later speculiitions, we have only to remember thai 
the deepest of all the distinctions which he sought to 
establish between positive philosophy on the one hand and 
metaphysics and theology on the other, is the inefl'aceable 
diBtinctioQ of method: the one insists upon objective 
' Mill, AugtMli CamU and PosUivitm, p. 183. 
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verification, while tlie others are content with subjeotive 
congraity. Yet here we aee Comte explicitly and witi 
vehement dogmatism repudiating observation and experiment, 
and maintaining, as unreservedly aa Hegel, that so long as 
our uonceptioiia ate systematic aud mutually harmonious, it 
makes no difforence whether they are verified or not! 

It would be an interesting study to trace in detail the 
circumstances concerned in bringing about this singular 
aberration of a great scientific intellect. For while the 
proclamation of the subjective method, and its more or less 
consistent employment, by Descartes and Hegel, was logically 
based upon their erroneous psychological theories concerning 
the sources of knowledge ; on the other hand, this metamor- 
phosis in the opinions of Comte had no logical Justificatioa 
whatever, but was determined by circumstances of a purely 
personal chai'aeter. It was due partly to what I may call 
the impatience of constructivencss,— the imperious mental 
demand for the erection of a system at whatever cost, — and 
partly upon the exaggerated over-estiniatQ of self which is a 
symptom of incipient monomania. 

In his youth Conite was an insatiable reader, and before 
ho began the work of constructing the I'ositive Philosophy 
he had amassed vast stores of learning in almost every 
department of knowledge. There is no good reason for 
doubting that in I80O, wlien the publication of his great 
work begnn, he was. with a few serious exceptiona, folly 
abreast of the best science of the times. But in the course 
of the twelve yeai-s during which the composition of thia 
work went on, he found it desirable to alter his habits of 
study. Finding that constant attention to the progress of 
events interrupted the consecutive development of hia 
thoughts, he begim to abstain from all reading whatever, save 
in a few of his favourite poets. Still later in life he erected 
this practice into a general principle of action, and us « 
matter of eonacience refused to take any note of the pro- 
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ceedings going on about bim in the inteHectual world. Bg 
tttterly neglected not ouly newspapers, bnt also con tempo lary 
works on science, and even scientific periodicals, and devoted 
himself almost exclusively to music and to teatlietic or 
devotional literature, such as Ilnmer, Dante, Thomas i Kenipis, 
St. Augustine and Eossuet, Molifere, FielJing and Lesage. 
This holding aloof from the course of contemijoraiy specula- 
tion, be called " cerebral hygiene." It should rather be 
regarded as a source of mental one-sidedness than as a Eour(;e 
of mental health. I have no intention of depreciating the 
vast amount of invaluable food for thought which is to be 
obtained Irom the study of such books as those just nanjed. 
Without studying Homer and Dante and Muli^re and the 
rest, one can get but a very meagre notion of human history 
OS concretely revealed in the thoughts of past generations. 
Nor can it be denied that there was much that was truly 
sensible in Comte'a plan of leaving off study when about to 
wrile. The successful expositor of a system of thought ia 
not the man who 13 always cramming, and who perhnps keeps 
but a few weeks io advance of the particulor theme which 
he is expounding. It is the man who by long years of patient 
thinking has completely mastered the system, and Las it so 
thoroughly elaborated in his mind that he can sit down and 
write it out of the fulness of his knowledge, without needing 
to look at books. And in such cases it is no doubt desirable 
to shut oneself up and allow notldng to distract the mind 
until the work is accomplished. So far, Comte was doubtless 
witw in doing as he did. But beyond this point, there is no 
wisdom in keeping aloof from contemporary matters. Aa 
Boon as writing is done, reading should begin agaiu ; every 
conclusion should be carefully verified, and every statement 
revised in the li^^ht of the newest scieuca Otherwise room 
is left for the subjective mcihod to inter, and opportunity is 
given the mind to tickle itself with the belief that it has 
reached finality on some points. There is no safety for the 
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tliinker who isolates himself, year after year, from the work 
which his contemporaries are doiDg. Such a proceedinjj, aa 
Comte'a experience is enough to show, is fraught with grave 
dangers, hoth intellectual and moral. The intellectual danjieT 
is that the thinker will be left hopelessly in the reor of t!ii' 
scientihc movement of the age ; will lose, from lack of thi.- 
requisite stimulus supplied by open criticism and argument, 
the habit of bringing all his conclusions to the test of verifica- 
tion ; and will thus gradually fall into the habit of reasonini; 
upon his plausible hypotheses as if tliey were established. 
The moral danger is that which menaces all isolation, social 
or intellectual,— the danger of excessive ego'isni, of over- 
confidence in one's own conclusions, and undue respect for 
one's own achievements. It is well enough for a writer 
to be dogmatic, provided his dogmatism is sustained by 
vigorous argument. But the writer is past all hope who 
habitually thinks to make loud assertion do the duty ol 
argument ; and this is a habit into which every one is 
more or less liable to fall who is not constantly coming 
in contact with other thinkers, and forced continually to 
defend his conclusions by the objective appeal to univers- 
ally admitted principles. 

I believe these considerations will go far toward accounting 
for the unfortunate position taken by Comte toward the close 
of his life. Always of a warm and enthusiastic tempera- 
ment, self-confiiient to an inordinate degree, and vain with 
more than a Frenchman's vanity, during his long period o( 
isolation these traits and tendencies were unduly strengthened. 
The consciousness — to a certain extent well founded— of the 
grandeur of the task which he had accomplished, grew upon 
him apace ; and not taking note of the serious defects and 
omissions which advancing science was constantly disclosing 
in that work, he became more and more settled in the con- 
viction that it was final, so far as it had gone. Measuring 
til his newly-framed hypotheses solely by tlieir coogroi^ 
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with the general system of his conceptiona, he gradually lust 
the 6cienti6c habit. He ceased to take into account iho tact 
that what seemed a necessary inference to him would not 
necessarily seem ao to minds differently moulded, unless 
sustained by the requisite proofa Thus he emer{,'ed from the 
scientific into a pontifical state of niiud, in which, just aa 
with FliLto in his oM age, it was euough that an opinion 
seemed true to hira for him straightway to proclaim it as 
binding on all men,' Moreover it ia not improbable that liiri 
too exclusive intercourse with the devotional writers of the 
Middle Ages had much influence in generating that mystical 
tone which characterizes all his later writiugs. The " Imita- 
tion of Christ" is a noble work, which has been a comfort to 
many generations ; but it is hardly a suitable book with 
which to nourish one's habits of scientific thought. By long 
con ten I pi at ion of the many admirable features of medieval 
civilization — features to which no previous writer had dono 
fluch unstinted justice — Uomte came at last to forget his 
relative point of view, and in hia horror of revolutionary 
anarchy he began to imagine that certain points of medi- 

> Id Its initlnl scientitic nttituile and in its GuiJ fpnti^equa Taf^«a. tlia 
caMer of Plato's niiad nuLj be instnicliTalj compared uilli ihat of Comle'i. 
Id hia faj-lUr dinlognca Plato profcsEe« to be, like Sokrnliit, s inere inveati' 
ntor of the meilioils bj whico tmatworlli)' inonlfdgo ia obtained ; Jnat aa 
Dotute, ia bin lirst ^reat work, ia simply a co-ordinator of scivutilia metlioila 
and doctrinn. lu tlis Pannenides aud Theoitetus, iudeed, ive may lind, na 
Itrikiogly preaented aa iu aoj modem treatise, the anlinomiea or alternMira 
impossibilitiea nhich, like the lious befars Faluce lifuntiful, confront the jiil- 
gtini on nitbw hand whenever he aeeka to cioss the burner wbicji diiidta the 
tcatm of Kience from that of motaphyHica. But at « lat^r period we find 
Plat'i, like Cumte, reauuncine the tcieiitifio attitude, and setting Miuaplf np 
aa the founder of an ideal Lanimuuity, in which the iicrvudina tendeuciea 
whicli hnre Bhs|ied actual aocietiei were to ha ignored or OTerriilden, aud La 
which existence was to be made intolemhle to all peisons not built after thfl 
^HtoLiiu fiHttem. And fldall; we have aecn Plato, in tbe Timnioa, working 
LQt a sfitlvm of the nuivurae in ifcordBDce with hia own aubjectivs coucep- 
Uoaa, and making a ver; sorry piece of waik of it when conii>arcd with coD' 
tempctary iicience as diEplayed in the writinga of Hinpokralea aud Aristotle ; 
loat aa (.'omle. iu bia latest years, bci^nu to write a "Subjectivt 
ti ai^eutiflc I 
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RvaliBm miglit be again revived and engrafted npos our 
modero life. Thus by degrees he framed the conception of 
a sort of Neo-Cath otic ism, with power as unlimited and 
ceremonies as complicated as the old one, but with the 
science of 1830 substituted for evangelical theology, and 
with Comte iostalled as sovereign Foutiff. As a natuTal 
resnlt ol this new position, his eelf-coiifideuee grew until it 
became even too great to be ludicrous. Literary history 
affords i^ no other example approaching to it, unless, as Mr. 
Mill suggests, in the case here and there of some " entirely 
self-taught thinker who has do high standard with M-hich to 
compare himself." He habitually alludes to himself as the 
peer of Aristotle and St Paul combined ; or as the only 
really great philosopher, save Descartes and Leibnitz, who has 
been seen in modern times. 

When iu a future chapter we come to exnmine the system 
of polity which awakened in Comte such transcendent self- 
commeudation, we shall find, as might be expected from the 
subjective method pursued, but little that is of value to 
reward our search ; although there are dftached speculations 
of great intertat, serving to remind us that we are dealing 
with a mighty though fallen thinker, and not with an un- 
discipliutd pretender. For the purpose of the present 
chapter it will be enough to note some of his latest philosophic 
vagaries, in which, pushing the subjective method to the 
limits of self refuting absnrdity, be maintained that all 
science should be remodelled in coufoi'mity to the reijuire- 
ments of tiie imagination. Missing links in the geological 
series of plants and animals should be supplied by fictitious 
"constructions of the reason," eo that our craving for 
synuuetry may be appeased. Above all, science must be as 
lar 83 possible deprived of its " dryness," and vivified by 
"aenliiiient." To this end it is well to accustom oui-sc-lves 
to the belief that all nature is aliv.;, aud that inorganic 
bodies, tor iustauce, e.sert volition aud feel what is done U 
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themi FeHshism is, in express terms, restored, and we are 
invited to adore the Earth as the Grand Fitieht. This great 
fetish is snpposed to liave planned a shrewd system of shocks 
or explosions, by which to render its orbit less eccentric and 
the inclination of its axis better fitted for the requiicmenta 
of the Grand Eire, the Human Race. But even this is not 
enough to eatisfy the demands of " le camr," We most 
adore whatever is nsefnl to Humanity, and therefore must 
erect Space into a deity, and endow it with feeling, though 
not with intelligence. Not only physics but matheinatica 
also must be made religious. And thus we reach the Comtist 
Trinity, — Humanity, the Grand Being; Earth, the Grand 
Fetish; and Space, the Grand Medium Ml Decimal numera- 
tion ia to he abandoned in favour of & eeptimal system; 
because seven is a sacred number, and moreover 8 prime 
number, incapable of division, and therefore well adapted to 
impress ns with a due sense of the weakness of the human 
mind and the limitations of thought I This is the wonderful 
philosophy which is thought worthy to take the place of the 
▼ain inquiries which scientific men still obstinately persist 
in making, into the motions of the stars, the undulations 
of atoms, and the development of organic life upon the 
globe! 

Thna we might go on citing page after page of the most 
extravagant vagaries ever conceived outside of Bedlam ; or, 
remembering the many valuable services for which mankind 
must ever be grateful to Comte, we might less harshly, and 
not less truly, call them the most mournful exhibition 
furnished by the annah of philosophy, of a great mind 
utterly shattered and ruined. Mr. Lewes rejects somewhat 
vehemently the suggestion of M.Littr^, that these wild fauciea 
are evidence of actual insanity.' For my own part, I do not 
Bee what there is unsound or uncharitable in M. Littr^'a 
Buggestion. The only healthful activity of the mind is an 
' Sit-ry 0/ FhUosaph]/, 8rd edit nf. ii p. SM 
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objective activity, in which there is aa Utile brooding over 
self as possible. The less we think of ourselves, and the 
more we think of our work, the better. Dwelling on suljjective 
fancies rarely fails to throw the mind out of balance ; it is at 
the bottom of all religious melancholia and suicidal mono- 
mania, as well as of many other forms of cerebral disease. For 
a dozen or fifteen years, Comte'a life was such as to miike a 
man insane, if anything could ; and we should not forget, 
whatever may be the physiological significance of the fact, 
that in his early manhood he had experienced a violent attack 
of acute mania. His astounding self-conceit was more akin 
to that which may be seen in lunatic asylums than to 
anything which is known to have been manifested by persons 
in a state of health. I am strongly inclined to believe that 
the harmonious activity of his brain never fnlly recovered 
from the shock given it by that first attack. Very likely 
that attack is partly responsible for the self-brooding tendency 
which led him to abandon the world, and lead a secluded life 
among his own unbridled fancies. And it is not improbable 
that this long-continued self-communion carried him on the 
road to chronic subacute monomania, until, when he wrote 
the " Synthase Subjective," he had just overstepped the iU- 
Jefined limit which divides precarious cerebral health from 
H pronounced cerebral disease. Nevertheless this hypothesis, 

H though it seems most plausible, is perhaps not absolutely 

^M required by the facts. In this chapter we have seen how an 

^M exclusive reliance on the subjective method hns bred in 

H others, besides Comte, the most shocking extravagances. It 

H may be, after all, that Comte's vagaries are not so very much 

^M wilder than those of Hegel and Plato ; since Plato's absnrditiei 

^M are leas in conflict with the scientific knowledge of the times 

H in which they were conceived, and Hegel's are veiled by the 

H dense obscurity of a pompous metaphysical terminology. 

H When Hegel tells us that " Sei/a ist Se>jn, und nickt Anders: 

H Anders ist Anders, und nickt Seyn " (Being is Being, and not 
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Otherwise : Otherwise ia Otherwise, and njt Being), w e are 
overawed perhaps, bat not immediately disgusted. Theie is 
an air of excessive profuDdity about tlie oracular dictum, and 
for a moment we think there may perhaps be something in 
it, which does not appear on the surface, — some occult verity 
which. B9 Hegelipjis tell ns, fifty years more of enlighten- 
ment may enable us to realize. But Comte'a thoughts are 
[•resented, not in the muddiest technical German, hut in Ihe 
cltsarest idiomatic French : when he ni.ikes the earlh a fetish, 
and talks about a dance of the planets, the idea stands out 
in all it« naked absurdity. In spite of all this, however, I 
am inclined to believe that Comte sounded a deeper depth 
of extravagance than either Plato or HegeL Insanity is, 
after all, ouly the excessive lack of correspondence between 
the order of conceptions and the order of phenomena. That 
13 what we mean when we characterize it aa delusion or 
hallucination. And when we avowedly employ a method 
which never deigns to adapt the internal order to the 
external order, there is no foreseeing the depth of the ditch 
in which we may be landed. The difference between the 
delusion which we regard as compatible with sanity, and 
that which we commiserate as insane, is mainly adift'erence 
of degree. And whether we are to call Comte crazy or not, 
is to a great extent a question of terminology. Certain it 
is, that if Adelung had lived to witness Comte'a latest 
speculations, be might have found in them the materials for 
a more wonderful chapter than any of those now contained 
in his voluminous " History of Human Error," 

In these interesting vagaries we may find renewed evidence 
of the close kinship between the "dreams" of the ontologist, 
the fancies of the myth-maker, and the hallucinations of the 
insane, in ao far as concerns the method employei!. Never- 
theless it would be highly unjust to bold the Positive Pbilo- 
eophy responsible fur these inanities, or for those of the 
pseuda-poHitivists who would seem to set larger store by 
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their master's personal Bhortcomings than ty hia perinaneiitly 
valuable contributions to philosophy. Not only the disciple, 
but also the impartial critic, may fairly urge that the Positive 
Philosophy is something greater than Comte, just as the dif- 
ferential calculus is somethiog greater than Newton or Leib- 
nitz. If Newton, in his old age, liad become so fat lost to 
all sense of scientific propriety as to apply hie method of 
fluxions to the solution of physiological or ethical problenw, 
much discredit would have attached to Newton, but none to 
the method of fluxions. Succeeding inquirers would have 
criticized him in the light of his own principles, and would 
have felt obliged to mourn the decadence of his godlike in- 
tellect, but the question would have been mainly a personal 
one, affecting in no way our estimate of the Newtonian 
matiiematics. In like manner, when we characterize Comte's 
later speculations as vagaries hardly compatible with sanity, 
we cast no discredit upon the Positive Philosophy, since onr 
whole ailment implies that these speculations were con- 
ducted in utter disregard of those canons of research which 
it is the chief glory of the Positive Philosophy to have insti- 
luted. It is one of Comte's most legitimate claims to im- 
mortal remembrance that, with greater authority and far 
wider scientific resources than Bacon, he succeeded in intro- 
ducing the objective method into departments of research 
where previously metaphysical interpretations had reigned 
supreme and unquestioned. For this he must ever be 
regarded as one of the worthiest among the " servants and 
interpreters of Nature." And it is mainly because of hia 
pre-eminence as an in^ugurator of scientific method that it 
has become customary to identify with Positivism every 
philosophy which, like the system expounded in this work, 
seeks to give synthetic expression to the ripest scientifio 
thought of our age. If the question were only one of method, 
we might acquiesce in this identification. But, as I have 
tlready plainly indicated and shall presently show more fully 
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oar divei^nce from Positivism is so fundamental with re- 
gard to the deepest and gravest questions with which Philo- 
sophy is concerned, that, as Comte would unqueBtionabl; 
repudiate us as disciples, so do we uuhesitAbin^}' repudiat* 
bim aa ft mastez. 



CHAPTER Tl 



OAUSATIOir. 



Iv fhe CDHTse of our examination of the Kantian doctrine of 
Necessary Truths, the origin and justification of our belief in 
the necessity of causation was incidentally discussed. We 
found that this belief can be explained and defended only as 
the product of a mental limitation due to absolute uniformity 
of experience. We believe that, under the requisite conditions 
fire burned before we were bom, that it now bums in regions 
to which we have never had access, and that it will continue 
to burn as long as the world lasts, simply because we are in- 
capable of forming conceptions of which the materials are 
not supplied by experience, and because experience has never 
presented to our consciousness an instance of fire which, 
under the requisite conditions for burning, did not bum. Or, 
in other words, we believe that in the absence of pi*eventive 
conditions, fire must always and everywhere burn, because 
oui concept of fire is the concept of a thing which burns, and 
this concept has been formed exclusively by our experience 
of fire. You may, like a medieeval sorcerer, envelope your 
hand in a soapy substance which will, for a few moments^ 
check oxidation of the epidermis ; or you may insert your 
hand in the blaze and withdraw it again so quickly that^ 
since chemical action takes time, oxidation will not have s 
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clniice to begin, and your skin will escape ; — tliess are dis- 
turbing conditions. But to say that, in the absence of such 
conditions, the blaze will not bum your insisted hand, is to 
state a proposition which is unthinkable, — a proposition of 
which the elements cannot be united in thought save by 
their mutual destruction. Why is this proposition unthink- 
able? It is because not ouly the material of our knowledge 
b-jt our very naentnl structure itself, as I shall hereafter show, 
is due solely to that perpetual intercourse between subject 
Bud object which we call experience, so that, whatever verbal 
, feats we may succeed in accomplishing, we can unite in 
tbun^ht no subject and preiHcate for the union of wliich ex- 
perience has not in some way or other supplied the condi- 
tions, I do not mean to say that the proposition in question 
is not one which some ingenious person might stoutly main- 
tain ag a theory. We might, no doubt, hold the theory that 
Fire does not burn, just as we might espouse the doctrine 
that Triangles are circular, or that Matter is destructible. But 
as was sufficiently proved in the chapter on the Test of Truth, 
this shows only that it is possible for men to accept and 
defend propositions which they cannot truly conceive. It is 
easy to state the proposition that the Whole is equal to ita 
Part; but it is none the less impossible to think the thought 
or no-thought, which the proposition seeks to express, We 
are under a mental compulsion to think of the whole as 
greater than its part, and to think of fire as a thin;^ which 
burns, because the conditions of our thinking have been pre- 
scribed by that intercourse between our mind and euvirouiug 
agencies, which we call experience. 

It is for the same reason that the mind is compelled to 
believe in the necessity of causation, and that the cultivated 
mind, which can realize all the essential conditions of the 
case, is compelled to believe in its universality. For what ia 
the belief in the necessity and universality of causaliont 
It ia the belief that every event must be determined by some 
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preceding event and muat itself determine some succeeding 
event. And what ia an events It ia a manifestation offeree, 
Tlie falling of a stone, the union of two gases, the blowing o( 
a wind, tlie breaking of wood or gloss, the vibration of a cord, 
the expansion of a hented body, the sprouting of a seed, the 
ciroulalion of blood, the development of inflammation, the 
contracting of a muscle, the thinking of a thonght, the excite- 
ment of au emotion, — all these are manifestations of force. 
To speak of an event which -ia not a manifestation of fnrce, 
IB to use language which ia empty of sigaificanca Therefore 
our belief in the necessity and universality of causation ia the • 
belief that every manifestation of force must be preceded and 
succeeded by some equivalent manifestation. Or, in an 
ultimate analysis, it is the belief that force, as manifested to 
our consciousness, can neither arise out of nothing nor lapse 
into nothing — can neither be created nor annihilated. And 
the negation of this belief is nnthinkable ; since to think it 
would be to perform the impossible task of establishing in 
thought an equation between something and nothing. 

This, I suppose, ia what Sir William Hamilton had in his 
mind when he asserted that our belief in the necessity and 
universality of causation is due to an original impotence of 
the conceptive faculty, — to our inability to conceive absolute 
beginning or absolute ending. In his examination of Hamil- 
ton's philosophy, Mr. Mill has made sad havoc of some of the 
crude and hasty statements, and yet more unfortunate theo- 
logical illustrations, in which Hamilton couched this doctrine ; 
but the doctrine itaelf he seems to have misunderstood rather 
than refuted. His favourite argument — that at one stage of 
philosiiphic culture we can conceive what at an earlier or 
later stage we could not conceive — rests upon a confusion of 
language which I trust has been sufficiently shown up in the 
course of the foregoing discussion. As I have already said, 
the only kiud of inconceivability which we can admit as such 
is an impoteooe which results from the TQ17 constitution of 
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the thiiikiiig process. As was shova la the first chapter on 
the Kelativity of Knowledge, this is the ease with our inability 
to conceive absolute beginniDg or absolute ending. We must 
therefore, to a certain extent, accept the Uamiltoiiian doctrine 
that our belief in the necessity and universality of causation 
is doe to an original impotence of the concf ptive faculty ; 
eave that an ultimate psychological analysis obliges us to re- 
gard this orJ,\;inal impotence as simply the obverse of our 
inability to transcend our experience. 

Here again we come upon a bit of common ground which 
underlies two opposing philosophies. For our liist sentence, 
in its assertion and in its proviso, recognizes both aspects of the 
universal truth of which Kant and Hamilton on the one hand, 
and Hume and Mill on the other band, have persisted in 
recognizing only one aspect. Here again we see exemplilied 
what our sketch of the Newtonian discovery in the previous 
chapter taught ua, — namely, the value of that objective method 
which, instead of ignoring an unexplained residuum, recog- 
nizes it as justifying further research. The unexplained 
residuum in the present case was the coexistence of an 
element of necessity in a given belief with an experiential 
origin for the belief. Following the subjective method, Hume 
denied the necessity, Kant denied the e^cperiential origin. 
Hut the objective method, recognizing the cofxistence of the 
two as a fact to be accounted for, and employing a psycho- 
logical analysis inaccessible to Hume and Kunt, discovers that 
the necessity of the belief and its experiential origin are 
but two sides of the same fundamental fact. 

From the origin and justification of our belief in causation, 
let us now pass to the contents of the belief. Since there 
is nothing in the belief that has not been given in ex- 
perience, let us endeavour to state what is and what is not 
given in our experience of an act of causation. In the first 
place wyuCTice is clearly given in the phenomenon, " Even 
granting that an effect ni.iy commence simultanL'ously with 
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its canse," this view is in no way practically invalidated. 
As Mr. Mill says, "Whether the cause and its effect be 
necessarily successive or not, the beginning of a phenomenon 
is what implies a cause, and causation is the law of tho 
auccessioD of phenomena. ... I have no objection to define 
a cause, the assemblage of phenomena, which occurring, 
Bome phenomenon invariably commences, or has its origin 
Whether the elfdct coincides in point of time with, of im- 
mediately follows, the hindmost of its conditions, is imma- 
terial. At all events it does not precede it ; and when w( 
are in doubt, between two coexistent phenomena, which i;i 
cause and which is etTect, we rightly deem the question 
solved if we can ascertain which of them preceded the 
otlier." ' 

Secondly, invariahlencss of sequence ia given in oar ex- 
perience of causation. Invariableness is the chief mark by 
which we distinguish those sequences which are causal from 
those sequences which are coromouly termed accidental. 
The well-known fallacy of post hoc, trgo •propter hoc, upon 
which are founded most of the current hygienic and thera- 
peutic vagaries which claim to be upheld by experience, 
arisi's from the neglect of this essential distinction. It 
lumps together all kinds of sequence under the general head 
of causation. If drinking a cup of coffee is followed by 
headache, or if a troublesome fit of indigestion ends after 
taking tt dose of patent medicine, it is rashly inferred that 
the coffee caused the headache, or that tiie medicine cured 
the indii;estion. This ia not legitimate induction. The 
sequence may be accidental and not causal. The headache 
tnay have been caused by eating hot risen biscuit, by inhaling 
carbonic oxide sent up from the funiace, by oversvork, or by 
loss of sleep; or it may be the premonitory symptom of b 
typhoid fever due to imperfect dminage. The indigestion 
may have been cured by a ride on horseback, or by a walk 
> Um, SyaitBt nf IakiU, Stfa edit. toL i. |i. 3S1. 
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on a frosty morning, or by a piece of good news, or liy a 
rhythmical increase in the rate of nutrition for which no 
de&nite external cause is assignaUe. It is the business of 
indnction to elimiunte, as far as possible, all these coexistent 
possible causes, so as to ascertain, after the elimination, 
whether the sequence between the presumed cause and tlic 
effect is invariable. If it turns out to be so, and, still better, 
if by reasoning deductively from the experimentally-ascer- 
tained action of the coffee or the medicine upon the "i^anic 
tisBues involved in the case, further proof of the invariable- 
nesa of the given sequences can be obtained, — then we Bay 
that we have detected a case of true causation. When we 
have extended our inquiries in any case so far aa to be able 
to predicate invariable sequence, then we predicate causation. 
A moment's reflection, however, will show us that there 
are sequences which have been invariable throughout tht; 
whole course of human experience, but which are not re- 
garded as causal sequences. Ever since there have been 
conscious minds to interpret phenomena, day has followed 
night, and night has folluwed day, and yet no one would say 
that day causes night, or that night causes day. In order 
to include such cases as this, we must limit still further 
OUT definition of causation. The sequence must be uticmi- 
diticnat as well as invariable This, as Mr, Mill observes. 
"ia what writers mean when they say that the notion of 
caoEe involves the idea of necessity. If there be any mean- 
ing which confessedly belongs to the term ' necessity,' it ia 
unconditionalness} That which is necessary, ihat which mu,\l 
be, means that which will be, whatever supposition wu may 
make in regard to all other things. The succession of day 
and night evidently is not necessary in this aenso. It is 
^M conditional on the occurrence of other autccedents. Tlial 
^H which will be followed by a given consequent when, and 
^1 ■ Thi 
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only when, some third circumstance also exists, is not thfl 
eanse, even though no case should ever have occuired in 
vhich the plienomenoa took place without it" Now, either 
day or night " might have existed fop any length of time, and 
the other not have followed the sooner for its existence : day 
follows night only if certain other antecedents [the presenco 
of the sun above the horizon, and the absence of any eclipsing 
opaque body from the direct path of the solar lays] exist; 
and where those antecedents existed, it would follow in any 
case. No one, probably, ever called night the cause of day ; 
mankind most so soon have arrived at the very obvious 
generalization, that the state of general illumination which 
we call day would follow &om the presence of a sufQcieotly 
luminous body, whether darkness had preceded or not." 

Mr. Mill's further explanation of this point is so luminona 
that I prefer to cite it in his own words, rather than to 
abridge and dilute it, "To some," says Mr. Mill, " it may 
appear that the sequence between night and day being in- 
variable in our experience, we have as much ground in this 
case as experience can give in any case, for recognizing the 
two phenomena as cause and effect ; and that to say that 
more is necessary — to require a belief that the succession is 
unconditional, or in other words that it would be invariable 
under all changes of circumstances, is to acknowledge in 
causation an element of belief not derived from experience. 
The answer to this is, that it is experience itself which 
teaches us that one unifonnity of sequence is conditional 
and another unconditionaL When we judge that the succes- 
sion of night and day is a derivative sequence, depending on 
something else, we proceed on grounds of experience. It it 
the evidence of experience which convinces us that day could 
equally exist without being followed by night, and that night 
could equally exist without being followed by day. To say 
that these beliefs ' are not generated by our mere observatiot 
Df aequence,' is to forget that twice in every twenty-foa 
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hmiTs, vhen the sky is clear, we have an experimentum ctucw 
that the cause of day is the sun. We have an experimental 
knowledge of the sun which juatifiea us on experimental 
grounds in concluding, that if the sun were always above 
the horizon there would be day, though there had been no 
night, and that if the sun were always below the horizon 
theiQ would be night, though there had been no day. We 
thus know from experience that the succession of uight aiid 
day is not anconditional. Let nie add, that the antecedent 
which is only conchtionally iuvariable, is not the invariable 
uitecedent. Though a fiict may, in experience, have always 
beed followed by another fact, yet if the remainder of 
our experience teachea us that it might not always be so 
followed, or if the experieuce itself is such as leaves room 
for a possibility that the known cases may not correctly 
represent all possible ciises.the hitherto invariable antecedent 
is not accounted the cause : but why ? Because we are not 
sure that it is the invariable antecedent," 

Furthermore let it be noted that " such cases of sequence 
as that of day and night not only do not contradict the 
doctrine which resolves causation into invariable sequence, 
but are necessarily implied in that doctrine. It is evident 
that from a limited number of unconditional sequences, there 
will result a much greater number of conditional ones. 
Certain causes being given, that is, certain antecedents which 
are unconditionally followed by certain consequents; the 
mere coexistence of these causes will give rise to an un- 
limited number of additional uniformitiea. If two causes 
exist together, the effects of both will exist together; and il 
many causes coexist, these causes will give rise to new 
vfTects, accompanying or succeeding one another in some 
particular order, which order will be invariable while the 
causes continue to coexist, but no longer. The motion of 
the earth in a given orbit round the sun, ia a series of changes 
trhich follow one another as antecedents and consequeata, 
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and will continue to do so while the ean's attraction, and tha 
force with which the earth tends to advance in a direct lii 
through space, continue to coexist iu the same quantities as 
at present. But vary either of these causes, and the unvai j 
ing succession of motions would cease to take place. The 
series of the earth's motions, therefore, though a case 
Bequeuce invariable within the limits of human experience, 
is not a case of causatiou. It is not unconditional." ^ July 
does not cause August, though it invariably precedes it. Foi 
the sequence is conditioned by the coexistence of a given 
ratio hei-weeu the solar gravitation and the earth's tangential 
monieutum, with a given inclination of the earth's axb ol 
rotation to the plane of its orbit Vary either of these 
factors, which are the real causes of the seasons, and the 
hitherto invariable sequence between July and August will 
be altered. 

Causation may therefore be defined as the unconditional 
invariable sequence of one event, or comuiienoe of events, 
apon another; and this is all that is given in the pheno- 
menon. But metaphysics is not content with this conception 
of Cause. It prefers to regard causation as a kind of con- 
straint by which the antecedent event obliges the consequent 
event to follow it. It postulates a hidden power, an occulta 
vis, in the cause, which operates as an invincible nexus 
between it and the effect. And it is by virtue of the exer- 
tion of this occult energy that cause, as formulated by meta- 
physics, is called EQicieut Cause, in distinction from the only 
cause known to science, — the unconditional invariable ante- 
cedent, which may be termed Phenomenal Cause. 

This explanation bears the distinctive marks of a meta- 
physical hypothesis, as enumerated in the preceding chapter. 
I'o the elements of sequence, invariableness and uncondi- 
tioaalness embraced in the scientific explanation, it superadd! 
ui occulta vis, an element which is not given in the pheno 
1 Mill, Syilttn ^ Lagie, tith edit roL L pp. 87S-36L 
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nienon. No one pretends that we can actually rognize lli'a 
Bceulia vis. The deepest analysis of our experience ot the act 
of causation will yield no such element. Viewed under its 
Buhjective aspect, our knowledge of causation amounts Bim))ly 
to tliis, — that an experience of certain invariable sequences 
among phenomena has wrought in us a set of corresponding 
iiidissolubly coherent sequencea among our statna of con- 
Bciousmiss; so that whenever the state of conscionsncsa 
answering to the cause arises, the state of consciousness 
answering to the effect inevitably follows. But answering to 
the occulta vU we have no state of consciousness whatever. 

Moreover the hypothesis of an occulta vis, like so many 
other metaphysical hypotheses, straightway lands ua in an 
impossibility of thought, The proposition that the cause 
constrains the effect to follow, is an unthinkable proposition ; 
since it requires us to conceive tlie action of matter upon 
matter, which, as we saw in our first chapter, we can in 
nowise do. As was there pointed out, neither by the artifice 
of an intermolecular ether or of centres of attractive and 
repulsive force, nor by any other imaginable artifice, can we 
truly conceive one particle of matter acting upon another. 
What we do know is neither more nor less than what is given 
in consciousness, namely, that certain coexistences invariably 
precede or I'ollow certain other coexistences. That matter as 
objectively existing may exert npon matter some constrain- 
ing power which, as for ever unknowable by us, may be called 
an occulta vis, I readily grant. Thought is not the measure 
of things, and it was therefore un philosophical in Hume to 
deny the existence of any such unknown power. Things 
may exist, in heaven and on earth, which are neither dreamt 
of in our philosophy nor conceivable by our intelligence. 
Respecting the external reality we say nothing: we only 
kf&rm that no such occulta vis is given in the phenomenon 
of causation. Any hypothesis which postulates such an 
unknown element as a means of explaining the phenomenon 
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ifl mi verifiable and, as sucb, science cannot admit it, nor can 
our Coatiiic Philosophy admit it. 

Nevertheless the belief that causation implies something 
more than mere invariability of sequence, has been a persist- 
ent belief; and as such, it is a fact which philosophy ia 
required to account for. Its explanation will not be difficult 
if we look to the »(ource from which our notion of Power is 
derived. Tliat source is the peculiar class of states of con- 
Bciousness which accompany our voluntary actions. Part of 
our notion of Power consists in our consciousness of an 
ability to generate certain muscular sequences by means of 
an act of volition ; and this amounts to no more than an 
expectation that the antecedent, volition, will be followed by 
the consequent, muscular movement. But the other part of 
our notion of Power is derived from the sense of ejbrt which 
invariably accompanies our muscular actions. Every such 
action "has to contend against resistance, either that of an 
outward object or the mere friction and weight of the moving 
organ ; every voluntary motion is consequently attended by 
the muscular sensation of fatigue. Effort, considered as &a 
accompaniment of action upon the outward world, meana 
nothing to us but those muscular sensations." ^ Here, then, 
is the shape of our primitive conception of Power ; the con- 
Bciouaness of volition, accompanied by the conscious sensa- 
tion of effort overcoming resistance, and the conscious expec- 
tation of a consequent muscular movement Kow, by the 
rery relativity of our thinking, as will be shown more fully 
in the next chapter, we are compelled to formulate our con- 
ception of the Power which is manifestud in the sequence of 
external phenomena, in terms of that Power which is alone 
directly known to us in consciousness. Hence, when we see 
jne object moved by another, we conceive the impelling 
object iis putting forth effort and overcoming the inertia ol 
the impelled object, Though we no louger, like some chil- 
* UUl, StataiHotiiM nf Hamilton'M PiiiloMjihy, toL iL p. 
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CAUSATION. 

dren and all savages, regard this as a conscious effort, 
Rttended by volition, we still conceive it as an effort attended 
by resistance. And from this antliropomorphiam of thought 
are derived two closely related, thouL;h apparently incompa- 
tible, metaphysical theories ; the theory that matter, regarded 
as a caui-e, ia endowed with an occulta via ; and the theory 
that matter, regarded aa an effect, can move only under con- 
straint from without. 

Such is the origin of our conception of power in causation. 
Yet that the conception, aa thus formulated, cannot corre- 
spond to the external reality, is a truth so obvious, at the 
present stage of our discussion, as hardly to need pointing 
out It is enough to remark .that since effort, as known to 
us, ia only an affection of our consciousness, wo cannot 
conceive the wind which overturns a tree as exerting effort, 
unless we mentally endow the wind with consciouaneaa. 
The primitive man did not scruple at this ; to him the Wind 
was a superhuman person. We, who have outgrown fetishism, 
must take the other horn of the dilemma, and admit that 
whatever may be the force which the wind exerts, it cannot 
be the force which we know as effort. By this alternative 
difficulty we may recognize the fact that we have here again 
come face to face with the Unknowable. What the process 
of causation ia in itself we cannot know. We can know it 
only as it is presented to our consciousness, as the uncon- 
ditional invariable sequence of events. 

Our account of causation would not be complete without 
eome mention of an attempt which has again been made, of late 
years, to pass beyond the limits of inteUigence, and cognize 
the external process in itself. This attempt, based upon an 
imperfect apprehension of the foregoing analysis, starts with 
the assertion that in our primitive consciousness of Power 
we have a tme cognition of an Efficient Cause. According 
to this doctrine, the expectation that effort will overcome 
resistance and cause motion is a bit of d priori knowledgt 
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not given in experience. In our conscioosness of effort 
have direct knowledge of the cauaal nexus between the ante* 
cedent, volition, and the consequent, muBcular contraction : 
volition is therefore known to xa as an efBcient cause of one 
kind of actions ; and hence we must inft^r that it is the sole 
efficient cause of all kinds of actions. Matter is absolutelj 
inert : it is inconceivable that matter should act upou matter, 
but it is conceivable that mind should act upon matter; anil 
therefore all phenomena which are not the direct results 
of human or animal will, are the direct results of divine will. 
Such is the so-called Volitional Theory of Causation. 

With the theistic implications of this doctrine I shall deal 
in a future chapter. At present we are concerned only with 
its psychological basis. And first we may observe that thoae 
who assert the action of mind upon matter to be conceivable^ 
appear to have forgotten the great difficulty unduT which 
metaphysics laboured during the seventeenth century. To 
Leibnitz and the Cartesians the action of mind upon matter 
was the thing inconceivable above all olhers, to account foi 
which two theories were framed, among the most remarkable 
in the annals of metaphysics. These are, the doctrine of 
Occasional Causes, expounded by the Cartesian Malebranche, 
and the doctrine of Pre-established Harmony, expounded by 
Leibnitz, who is said to have plagiarized it from Spinoza. 
The Cartesians held it to be inconceivable, and therefore (on 
the subjective method) impossible, that thou'ihts or feelings 
in the mind should produce movements in the boJy; and 
consefiuently they regarded the concurrence of mental and 
material facta "as mere Occasions on which the real agent, 
God, thouj;ht fit to exert his power as a Cause." So that, 
when you will to raise your ann, God interposes and lifts the 
arm for you ; and he does this, not as a Being endowed with 
volition, but as an omnipotent Being, capable of workings 
miracle. To Leibnitz this seemed an unworthy view of 
divine action. He preferred to regard the enliie series of 
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rolitiona and the entire series of apparently consequent mna- 
cular motions as imiependent aeries, pre-establislied in hap- 
mnny with each other by the contrivance of the Deiiy from 
a time preceding the com men cement of the world. So that, 
when yoii will to raise your aim, the arm moves, because God 
ill the past eternity constructed the series of your volitions 
and the series of your motions like two clocks which acca- 
nttely correspond to each other in their rates of ticking. 

Such theories as these can, of course, be neither proved nor 
disproved. They are cited aa interesting specimens of the 
manner in which human speculation attempts to grapple 
with realities which lie beyond its reach ; but, as being un- 
verifiable, our philosophy cannot recognize them as legiti- 
mate hypotheses. Coupling them with the Volitional Theory, 
the result ia mutual destruction. In point of fact, we are no 
more directly cognizant of the action of mind upon matter 
than we are directly cognizant of the action of matter upon 
matter. " Oar will causes our bodily actions iu irhe same 
sense (and in no other) in which cold causes ice, or a spark 
causes an explosion of gunpowder." Tlie antecedent, volition, 
and the subsequent, muscular movement, are subjects of con- 
Bciousness. But the relation of invariable sequence between 
them is known by experience, just as wc know any other 
relation of sequence. As Mr. Mill observes, it cannot be 
ailmitted "that our consciousness of tlie volition contains in 
itseJf any d priori knowledge that the muscular motion will 
follow. If our nen-es of motion were paralyzed, or our 
nju9i:les stiff and inflexible, and had been eo all our Uvea, 
tliere is no ground for supposing that we should ever (unless 
by information from other people) have known anything <ri 
vi'tition as a physical power, or been couscious of any 
tendency in feelings of our mind to produce motions of our 
body, or of other bodies."^ In such case we might stiU 
have had a sensation, like that which we now term the 
I SyUm (/ Logic, 6lti edit. voL L p. S91, 
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' consciouaness of effort," but we should have known it 
merely as " a feeling of uneasiness, accompanying our feel- 
ings of desire." Aa Sir William Hamilton acutely observes, 
the Volitional Theory " is refuted by the consideration, that 
between the overt act of corporeal movement of which we ate 
cognizant, and the internal act of mental determination of 
which we are also cognizant, there intervenes a numerous 
series of intermediate agencies of which we have no [direct] 
knowledge; and, consequently, that we can have no con- 
sciousness of any causal connection between the extreme 
links of this chain, the volition to move and the limb moving, 
as this hypothesis asserts. No one is immediately conseioua, for 
example, of moving his arm through his volition. Previously 
to this ultimate movement, muscles, nerves, a multitude of 
solid and fluid parts, must be set in motion by the will, but 
of this motion, we know, from consciousness, absolutely 
nothing. A person struck with paralysis is conscious of no 
inability in his limb to fulfil the determinations of his will ; 
and it is only after having willed, and finding that his limbs 
do not obey his volition, that he learns by this experience, 
that the external movement does not follow the internal act 
But HS the paralytic learns after the volition that his limbe 
do not obey his mind, so it is only after volition that the 
man in health learns that his limbs do obey the mandates of 
his will" ' 

To this crushing refutation it may be added that even if 
volition were the efficient cause of our own movements, aa we 
admit it to be the phenomenal cause, it would not follow that 
it is the cause of anything else. As the passage just cited 
from Hamilton shows, the only direct effect which volition can 
be known to produce, is nervo-muacular action, — a very excep- 
tional, pecoUoily animal, phenomenon. And yet, " because 
this is ^e only cause of which we are conscious, being the 

■ £w(Niw «• Iftiaphgtia, Leot 30 ; Me ftUo PinertaUoM to Mitd, pp. U4 
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only one of wliich in the nature of the case we can he con- 
scious, since it is the only one which exists within oar- 
selves," — we are asked to assume, without further evidence, 
that throughout the infinitely multitudinous and hetero- 
geneous phenomena of nature, no other kind of cause exists ! 
A more amazing example of the audacity of the subjective 
method could hardly be found. In ilr. Mill's forcible lan- 
guage, " the supporters of the Volition Theory ask us to infer 
that volition causes eveiything, for no reason except that it 
causes one particular thing ; although that one phenomenon, 
far from btiiug a type of all natural phenomena, is eminently 
peculiar; its laws bearing scarcely any resemblance to those 
of any other phenomenon, whether of inorganio or of organic 
nature." 

Thus ends in signal failure the last of the many attempts 
which have been made to invalidate the principle of the 
Relativity of Knowledge Start from what point we may, 
we must sooner or later reach the periphery of the circle 
which includes all that is knowable. Every attempt to 
overstep this periphery, and gain a sure foothold in the dark 
region beyond, must result in utter discomfiture. The in- 
quiry into the origin and contents of our belief in Causation 
reveals, more clearly than ever, our impotence to deal with 
objective powers and existences. The attempt to detect the 
occulta vis or hidden energy in the act of causation, is but the 
fruitless attempt to bind in the chains of some thinkable 
formula that universal Protean Power, of whose muititudinouA 
effects we are cognizant in the sequeuce of phenomena, bat 
which in its secret nature most ever mockingly elude our 
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Xhb tody of philosophic truth contained in the sii fore- 
going chapters can in nowise claim Aiigiiste Uomte as it> 
originator. The doctrine of the relativity of knowledge has, 
as we have seen, been accepted more or less unreservedly by 
most of the thinkers of the last Wo centuries ; and has, 
indeed, never been wholly lost sight of in philosophic apecnla- 
tion since the time of Protagoras. Nevertheless the doctrine 
has been variously interpreted by differeut philosophers; 
ani we have seen that the Positiviat interpretation of it, 
propounded by Littr^ and Mill, is essentially different from 
the interpretation given by Mr. Spencer, and here adopted. 
Again, the doctrine that all knowledge is the product of the 
iaterconrsu between the sentient organism and its environ- 
ment is a doctrine which has been held by more than half 
the philiisophic world since the time of Locke. The doctrine 
that causation, as cognizable by ua, is merely unconditional 
Invariable sequence was the doctrine of Hume, Brown, and 
James Mill ; and for its further defence and elucidation wf 
an indebted, not to Comte, but to John Stuart Mill. The 
test of truth, as stated in the third chapter of this work, wai 
just as much or just as little postulated by Comte as by 
preceding thiultuis : it was first definitely propounded by Mt. 
Sponcor, and its validity has been repeatedly challenged by 
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Mr, Mill, — the most emiDent psychologist who has yet de- 
elared bis assent to all the ftindamentaldoctriDes of Posilivism. 
Nor was Comte the first to insist npon the exclusive use of 
tbe objective method in all depaittnents of research; for 
Bacon, fts we have seen, had enunciated this precept with 
eqaal vigour and impressiveiiess, though with less command- 
ing scientific authority. It is to be regretted, moreover, that 
we cannot even accri-ilit Comte with unflinching loyalty to 
thia principle. Not only have we seen him openly disavow- 
ing it, but we have been called npon to contemplate, is 
his "Subjective Synthesis," the most lamentable instance 
ftfiorded by history of the wonderful extent of aberration 
possible to the mtelleetus sHi perrnissita. 

All the above trutits, then, so far as they were understood 
by Comte, were accepted by him as he found them. He did 
not originate them, nor did he place them, from the psycho- 
logical point of view, upon any surer footing than they had 
occupied before. That psychological aualysia, in the light of 
which they have been here exhibiied, and by which alone 
they can be securely established, Comte unreservedly and 
disdainfully repudiated. Asserting as he did that all direct 
observation and comparison of states of consciousness is vain 
and nugatory, Comte could only accept the doctrine of the 
relativity of knowledge and its corollaries as empirical 
doctrines. We shall freqiiently have occasion to remark 
npon the vulnerable condition in which the Positive Philo- 
sophy is left, owing to thia disregard of psychology. Here 
indeed was Comte's weak point, as it is Mr. Spencer's strong 
point. As an observer and interpreter of staler of couscious- 
ness Comte was below mediocrity — hardly tit to be ranked 
with Cousin or Dugald Stewart j while, in power ol" psycho- 
logical analysis, Herbert Spencer has been surpassed by no 
thinker thnt ever lived, and has been rivalled only by Ari^ 
to'Je, Berkeley, and Kant. And it is accordingly not Comte. 
but Spencer, who has vronght the truths above eimuierated 
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into an organizod body of doctrine resting upon a 
tiblo basis in consciousness. 

Since, then, the foundfttiona of the scientific philosophy here 
expounded were laid down by Bacon, Locke, Hume, and 
Kant, nnd since that philosophy has fii-at been presented aa 
a coherent body of universal truth by Herbert Spencer, it is 
clear that there exists a very considerable body of philosophic 
doctrine, which is not metaphysical or theological, and which, 
nevertheless, does not owe its existence to Comte. It is clear 
that we cannot concede to Com te such a monopoly of the scien- 
tific method of philosophizing that all scientific philosophy must 
be designated as Positivism. It does not yet appear, from 
the foregoing summary, that scientitic philosophy owes any- 
thing whatever to Comte. Yet if we were to rest in any such 
conclusion as this, we should be serioudy in error. It is not 
to be gainsaid that the speciilations of Comte have played a 
most conspicuous and important part in directing the course 
of philosophic inquiry in the nineteenth century. A thinker of 
Comte's calibre does not live and write to no purpose. And 
while it will appear, in the course of the following discussion, 
that the peculiar theories of Comte are such aa philosophy 
cannot possibly adopt, it will also appear that these theories, 
besides containing a germ of truth, are instructive even in 
their erroneousneas Even while demonstrating Chat we cannot, 
without grievously retrograding, consider ourselves followera 
of Comle or advocates of the Positive Philosophy, we must 
at the same lime freely admit our indebtedness to Comte for 
sundry suggestions of the highest importance. We must 
not refuse to Comte the meed of acknowledgment which we 
should have no hesitation in giving to Kant, or Spinoza, or 
wen to Hegel, if occasion were to be offered. Least of all 
can we acquiesce in Prof. Huxley's opinion that there is 
nothing whatever of any value in the philosophy of Comt« 
which ia not also to be found in the philosophy of Hnma 
The point is one of such importance in itself, and u M 
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narrowly implicated with much of the following discasaion, 
that I must devote a tew moments to the elucidation of it^ 
before entering upon the apecial subject of thia chapter. 

In spite of his feebleness us a psychologist, and hia 
numerous nn philosophic idiosyncrasies of temperament, 
Comte was possessed of one mental endowment, most 
brilliant at any time, and most useful to a thiuker living 
in the first half of tlie nineteenth century. It is by virtue 
of this mental endowment that Comte is chiefly dis- 
tinguished from the thinkers of the eighteenth century ; and 
it was by dint of this that he succeeded in making himself, 
more conspicuously than any of those thinkers, the herald, 
though not the in«ugurator, of modern philosophy. I refer 
to that historic sense, — that almost unique power of invest- 
ing himself, bo to speak, with the mental habits of bygone 
generations, and of entering into the very spirit which dic- 
tated past events and obsolete modes of thinking, — which 
makes the fifth volume of Comte 's great work one of the 
most valuable and suggestive treatises ever written concern- 
ing the concrete phenomena of history. Many thinkers 
before Comte had conceived the idea of a philosophy of 
history — such were Machiavelli, Vico, Montesquieu, Voltaire, 
Turgot, and Condorcet ; but none of these great men 
possessed in so high a degree the historic sense necessary foi 
the realization of such a pmject. It is the influence of this 
liistorio sense of Comte, more or less consciously felt, which 
lends a great part of their value to many of the most striking 
listorical treatises of our lime, — to the colossal works of 
Grote and ?*Ioninisen, as well as to the monographs of 
Mr. Bryce, Dr. Bridges, M. Taine, M. Eenan, and the author 
of " Ecce Homo." It was the lack of such a historic sense, 
and the adherence to the old disposition to examine past 
i .ents through the refracting medium of recently acquired 
habita of thought, which constituted Mr. Backle'i chief 
source of failure as a philosophic historian. 
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Now I 8oy it waa by dint of this rare histotio sense thai 
Comte succeeded in taking a step which was not only an 
important advance, bat in many respects a veritable revolu- 
tion in philosopUy. It was Comte who first brought into 
prominence the idea of a philosophy of history which should 
also be the history of philosophy. The thinkers of the 
eiyhteenth century, with Hume at their head, had etudicd 
systems of philosopliy, much as anatomists before Cuvier 
bad studied animal and vegetal organisms, as detached in 
dependent existences, without regard to their past or future. 
But to Comte is due the grand and luminous conceptioa of a 
historic development of thought, from the earliest to the 
latest ages of human speculative activity. Just as Cuvier 
proclaimed it irrational to study existing organisms without 
constant reference to extinct orgiinisma, Comte pronounced 
it irrational to coordinate existing opinions, save in their rela- 
tion to past opinions. He grasped, aait had not before been 
grasped, the truth that each body of doctrines has its root in 
some ancestral body of doctrines ; that throughout the whole 
of man's speculative career there has been going on an Evolu- 
tion of Philosophy, of which the thorough recognition of the 
relativity of knowledge must be the inevitable outcome. 
Herein lay the originality of Comte ; an originality of which 
it is hardly correct to aay that Prof. Huxley disparages it, 
since he passes over it in silence and does not appear to have 
discerned it Tet as to the originality of this conception. 
there can be no question whatever. NeitJier Hume nor any 
other thinker of the eighteenth century had compassed it. 
Leasing, indeed, — a man fur in advance of his age, — had, in 
his work entitled " The Education of the Human Eace," 
sketched a theory of the evolution of speculative ideas ; bat 
it was only imperfectly, if at all, that he comprehended the 
nature and direction of that evolution. He may be regarded 
as a forerunner, but not as an anticipator, of Comte, 

As to the importance of Comte's conceptioa there caa be 
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no more question tlian as to its originality. It con^titated 
a revolution in philosophy as thorough and vide-Teaching as 
the revolution which Cuvier, by fusing togetlier the studies 
of comparative anatomy and paleontology, brought about in 
biology. In working out the details of his conception, 
Oomte, like Cuvier, fell into many grave errors : but the 
great thing was, to have framed the conception. As Mr. 
Spencer wisely and wittily observes, "Inquiring into the 
pedigree of an idea is not a bad means of estimating its 
value." Comtes conception of the evolution of philosophy 
obliges us henceforth to test ideas by their peiiigree, — to 
trace iheir origin in the employment of the subjective or of 
the objective method. Surely it was no small achievement 
to bring together the truths which Locke and Hume and 
others had laboriously detected, and to exhibit them as the 
necessary outcome of twenty-five centuries of speculative 
activity. For by this proceeding the truths in question were 
at least historically justified. And although the psycho- 
logical justification of them had to be left for Mr. Spencer, 
although it can be amply proved that Comte, in his ignorance 
of psychology, seriously misinterpreted the import of these 
truths, that is no reason why we should hesitate to acknow- 
ledge the greatness of his achievement. The doctrine o( 
which Cnvier was the most eminent upholder — the doctrine 
of fixity of species — is one which modern biology rejects, 
just as modern philosophy rejects the doctrines especially 
characteristic of Comte'a system. Nevertheless, as we admit 
of Cuvier, that his innovation, in studying all existing 
organisms with reference to pnst organisms, amounted to n 
revolution in the attitude of biology ; so we must admit of 
Oomte, that his innovation, in studying all phases of thought 
with reference to preceding phases of thought, amounted to 
a revolution in the attitude of philosophy. Yet the latter 
tdmission no more makes us followers of Couite than the 
(brmer admission makes us followers of Cuvier. 
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The signifleaDce of this illustration will become still more 
apparent as we proceed to examine the attempt of Comte to 
ilescribe the course of philosophic evolution as actually shown 
in history. According to Comte there are three modes o( 
philosophizing — the Theological, the Metaphysical, and the 
I'ositive. The first two modes are characterized by the 
attempt to formulate the unknowable Cause or causes of 
phennmeua ; but Positivism^ recogniaing the futility of all 
such attempts, ignores the unknowable Cause or causes ol 
phenomena. Positivism limits itself to ascertaining uni- 
lunnities of coexistence and sequence among phenomena. 
Metaphysics and Theology supenidd investigations concern- 
ing the nature of the hidden efficient cause of the pheno- 
mena ; but Metaphysics regards this cause as a mere abstract 
entity, while Theology regards it as endowed with volition 
and intelligence. There are three successive stages of 
tbeolog)'; Fetishism, in which phenomena, being not yet 
generalized, are regai^ded each as endowed with a volition of 
its own i Polytheism, iu which generalized groups < f pheno- 
mena are regarded each as under the control of a presidioi: 
deity endowed with volition ; and Monotheism, which arises 
when men have gained the, conception of a TJniveise, and 
have generalized the causes of phenomena until they have 
arrived at the notion of a single First Cause. According to 
Comte, philosophy began in fetishism; as science progres- 
sively arranged phenomena in groups of wider and wider 
generality, philosophy passed through polytheism into mono- 
theism; and as with its increasing generality, the primitive 
anthropomorphic conception of cause faded away, becoming 
replaced by the conception of an unknowable Cause mait:>.- 
fested in phenomena, philosophy became metaphysical ; 
Bnally, when the unknowable Cause is wholly ignored, and 
no account is taken of anything beyond the immediate con- 
tent of observi:d facts, philosophy becomes positive. Foi 
nbihi Comte did not follow Hume and Berkeley Ut 'Jm aj* 
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tent of explicitly or implicitly denying the independeut 
Bxistence of a Power manifested iii phenomena ; while he 
would, if consistent with his own principles, have regarded 
BUch a denial as an overstepping of the limits within which 
positive speculation should be confined; it is none the less 
tpne that he ignored the exiatence of any such Power as 
completely as if ha had held the extreme idealist doctrine 
which pronounces it a nicru figment of the imagination. So 
utterly foreign to Positivism is Mr. Spencer's doctrine of 
the Unknowable, that M. Littr^, who is of all living men 
the moat thoroughly and conaistently a Poaitiviat, condei 
it as a baseless melaphysical speculation. 

Such is the celebrated " Law of the Three Stages," which 
is regarded by Positivists as one of the greatest achieve- 
ments of the human mind, and which impartial criticistii 
must regard as an achievement of sufficient importance to 
have wrought a complete revolution in the attitude of 
modem philosophy, Tliat it also contains a large amount of 
truth, as a concise generalization of historical facts, can be 
denied by no compftent student of history But, while 
freely conceding all this, it will appear, on a closer examina- 
tion, that the doctrine in question is rather a foreshadowing 
ot the true statement than the true statement itself; and that 
in one all-important particular it is utterly inadmissible. Lei 
OS begin by inquiring how far the progress of human thought. 
with reference to the unknown Cause or causes of pheno- 
mena, can be regarded as divisible into stages, and in what 
sense Comte really intended to assert that there are three 
stages. It is important that both these points should be 
determined, in order that our conception of the character of 
the speculative development may be rendered gutticiently 
jiiecise, and in order to ascertain how far Comte nadetstood 
thai character. 

Upon this point, as upon many others, Comte has left on 
record assertions which, if literally interpreted, simply cancel 
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eacb other. At the beginning of the " Philosophic Poaitive," 
he tolls lis that " the mind employs successively in eacn oF ita 
researches three methods of philosophizing, of which the 
character iB essentially different and even radically opposed 
—first the theological method, then the metaphysical, lastly 
the positive. The theological system arrives at the highest per- 
fection of which it is susceptible, when it lias substituted the 
providential action of a single Being for the capricious play 
of the innumerable independent deities which were primi- 
tively imagined. Likewise the perfection of the metaphysical 
system consists in conceiving, in.stead of many particular 
entities, one grand entity, Nature, as the source of all pheno- 
mena. Finally the perfection of the positive system would 
be to represent all observable phenomena as paiticular cases 
of a single general fact." And hence, says Comte, "these 
three general systems of conceptions concerning the ensemble 
of phenomena mutually exclude each other." Now Comta 
elsewhere maintains that, so far from mutually excluding 
each other, the three methods of philosophizing have co- 
existed with each other since the dawu of speculation ; and 
that, in particular, the metaphysical method is merely « 
modification of the theological method. 

Tlie truth is, however, that the so-called "Law of the 
Three Stages" was an empirical generalization from the facts of 
history, and that, with his customary indifference to psycho- 
logical interpretations, Comte did not concern hini.=elf with 
the character of the mental processes involved in the 
speculative progression which he sought to formulate. What 
Comte really saw was, that men, when they first began to 
speculate upon the phenomena of nature, imagined behind 
every phenomenon, save possibly a few of tlie moat familiar 
ones, an impelling will, like the human will; that, as the 

Lttnthroponiorphio character of this conception slowly fadet? h 
away, it left the conception of a hidden Power or powers, to ^M 
ascertain the nature of which was long supposed to bG the ^| 
L IT i 
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le^Hnasis bnEinaaa of philosopIiT' ; snd tiut, lastly, with tih* 
! progresB af thonght, philosophy must givg up the 
ta aaeettaia tha uatura of tiiis hiitdea Power <ii 
irul conram itBelf solely with coe:iJstuac«i .uwl 
tt^atacBS imou^ pheaomena. All liiis is txtu* 30 far aa U 
^i^ ira ojiilirmaCiDii. being ^rrittiia od every p»i^ of Eu3U;ry 
Senodieiera, all this ia buc one aida of Ebe tnuJL 'IThe truijli 
hia Hiother aide, which Comte never saw, &Dit wht:>li tio 
wntet it the Po&itiviaC aciiooL hiia aver ^vaa any eviduiKC9 
flC i£acermii^ WhaC Cooitt: dul not sm vil^ tbut from tir^ 
to fan thfflic la no changft m t^ Bktaw of 1^ psyvholugiutd 
|HDe» ; and that, emi ift tt* faa^ tika IkukliBn Fbwvr luidet^ 
hrnis ^ Ti d ana^ming the wotii of' plbBBoniMia can no mora 
be ijrnnred than at the begimttn^- I>t tia ^lamiae bvch thee» 
pranta, anil nota w^ Chelr »)gnitLcaiic9. 
Ia the tirst pUce then s bo cbangs ia the natoie of l&« 
Fn>u first 
^ » aMtspliysical. or * 
h v« an tuterpr«tiu£ 
To recur to our vld iUnstn- 
B hkrvB down by the wind. Che priuiilivo 
I that tb« -wiad po6s«S3>«s iatrlli^-tKV and 
■ viditHn: he calla it Hermes, of Boreas, cr Orph«u9, 
■ad cRcU toit a temple, wheri^ia br pny«r and ^criAoe he 
■^ amt its displ^soie. In a later a^ tli« wind ia uo 
loDger r^iarded as endowed with oooscioua volition ; but it 
n still ^pgarded as exerting effort, and oveiooniini; the fi<ro^tt 
which tend to keep the ti«fl in its plao«. Obviously tlds ia 
at bottom the same conception oa its pnrdece^^aor, aavt* that it 
ia less cmdely anthropomorphia Now in th« acieutifio wt- 
pEanation, we omit also the conception of a speoilio nmut ui 
effort, and regard the falling of the tree as an evout iu\'ariably 
consequent upon the blowing of the wind willi u (livea 
momeutnnL Here, perhaps, it m»y seem that we quiti' gvt 
rid of every s>ibjective ot anthropoiuorphic eleiaout. tlut 
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this is a mistake, Tlie use of llie word " mometit am ** shows 

how we are compelled to conceive the event as a manifesta- 
tion of force. We may abolish ihe figment of a specific 
occulla vis; but, strive aa we will, we cannot mentally 
represent the event otherwise than as a difTerential resalt ot 
the excess of one quantum of force over another quantum 
of force. And what do we meau by force ? Our conception 
of force is nothing but a generalized abstraction from om 
sensations of muscular resistauce. That such u conception 
is merely symbolic, that it does not tmly represent the real 
force objectively existing, I have already shown. Neverthe- 
less, from the relativity of our thought, such is the only con- 
ception which we can frame. Therefore, I repeat, from first 
to last, whether we give a thaoloi^ical, a metaphysical, or a 
scientific explanation of any phenomenon, we alike interpret 
it in terms of consciousness. Whether we frame the crude 
conception of an arbitrary volition, or the refined conception 
of a uniformly conditioned force, we must equally admit that 
our Eulijective feelings are the only materials with which 
the conception can be framed. Tlje consciousness of force 
remains dominant from first to last, and cuu be abolished 
only by abolishing consciousness itself. 

But now, in the second place, this final scientific conception 
of a uniformly conditioned force cannot even be framed save 
by postulating an unconditioned Power existing independently 
of consciousness, to which no limit is conceivable in time <v 
space, and of which all phenomena, as known to us,'are the 
manifestations. It was demonstrated above, in the fourth 
chapter, that withoutpostulating such an Absolute Existence, 
we can frame no theory whatever, either of extprnal or of 
internal phenomena, even our proof of the relativity ol 
knowledge immediately becoming nonsense in such case. It 
was shown that the existence of such a Power independent 
of ua is an element invidved in our consciousness ol" nur 
own existence — is. in short, the " obvcrac of our »ill-uua- 
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scionsneas." Thus the tbree stages disappear entirely, and 
♦■be three termioal conceptions which are allegcil as distinc- 
tively characteristic of the stages are seen to be iJentical. 
The God of the monotheiat, the Nature of the metaphysician, 
and the Absolute Being Tvhich scieDce is compelled to 
postulate, differ only as symbols differ which stand for the 
Bame eternal fact. If there be any confusion etill left 
regarding this point, it will be dispelled by the foUowiog 
citation from Mr, Spencer:— 

" The progress of our conceptions, and of each branch of 
knowledge, ia from beginning to end intrinsically alika There 
are not three methods of philosophizing radically opposed ; 
hot one method of philosophizing which remains, in essence, 
the same. At first, and to the last, the conceived causal 
fancies of phenomena have a degree of generality cor- 
responding to the width of the generalizations which 
experiences have determined ; and they change just as 
gradually aa experiences accumulate. The integration of 
causal agencies, originally thought of as multitudinous 
and local, but finally believed to be one and universal, is a 
process which involves the passing through all intermediate 
steps between these extremes ; and any appearance of stages 
can be but superficial. Supposed concrete and individual 
causal agencies coalesce in the mind as fast as groups ot 
phenomena are assimilated, or seen to be similarly caused 
Along with their coalescence, comes a greater extension of 
their individualities, and a concomitant loss of distinctness 
in their individualities Gradually, by continuance of such 
coalescences, causal agencies become, in thought, diffused and 
indefinite. And evenlually, without any change in the 
nature of the process, there is reached the consciousness of a 
universal causal agency, which cannot he conceived. 

" As the progress of thought is one, so is the end one. 
There are not three possible terminal conceptions ; but only 
t single terminal conception. When the theological idea o( 
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the providential action of one Being ia developed to its 
ultimate form, by the absorption of uU independent secondary 
ageDcies, it becomes the conception of a Being immanent in 
bU phenomena ; and the reduction of it to this state tmplie-B 
the fading-away, in thought, of all those anthropomoi-phic 
attributes by which the aboriginal idea was distinguished. 
The alleged last term of the metaphysical systeni — the con- 
ception of a single great general entity, Nature, as the source 
of all phenomena — is a conception identical with the previous 
one : the consciousness of a single source which, in coming 
tc be regarded as universal, ceases to be regarded as con- 
ceivable, differs in nothing but name from the consciousness 
of one Being manifested in all phenomena. And similarly, 
that which ia described aa the ideal state of science — the 
power to represent all observable phenomena as particular 
cases of a single general fact— implies the postulating of 
some ultimate Existence of which this single fact is alleged ; 
and the postulating of this ultimate Existence involves a 
state of consciousness indistinguishable from the other two." ' 
This completely unanswerable statement exhibits Mr. 
Spencer's unrivalled power of psychologic analysis in striking 
contrast to the wcaliness under which Comte laboured from 
his neglect of such analysis. And it shows tliat Comte's 
conception of the order of pliilosophic evolution was entirely 
inadequate, and in the moat important point entirely erro- 
neous. It shows that the fundamental characteristic tA 
Positive Philosophy, as asserted by Conite and as admitted 
by his followers, is the non-recognition of the absolute and 
infinite Power which is manifested in phenomena. Or, to 
use Mr. Spencer's words, the essential principle of Comte'a 
philosophy is " an avowed ignoring of Cause altogether. For 
if it is not, what becomes of his alleged distinction hclwe&n thi 
perfection of the positive si/stem and the pcTfecH-on of th» 
metaphysical SJ/stemt" According to Comte's own dehnitioi^ 
* 6p«accr: BietnC DiKtasimu, f. ISi. 
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the terminal conception of the metaphysical system is that 
of e single great Entity or Existence as the source of all 
; and since we have here shown that this very 
conception is the final conception in which science also must 
test, the only possible step in advance which can be taken by 
Poaitivism is the elimination of this conception altogether. 
Prof. Huxley is thoroughly justified, therefore, in descrihing 
the name Positivism as implying a system of thought which 
recognizea nothing beyond the observed contents of pheno- 
mena: this description would be acknowledged as strictly 
accurate by M. Littr4, and indeed expresses neither more nor 
less thaa that which Comte sought to express when he 
defined the perfection of the positive system lo be the con- 
templation of all observable phenomena as particular cases 
of a single general fact, and omitted to add that this single 
fact must be alleged of some Existence of which all observable 
phenomena are manifestations. The "positive" stage of 
philosophizing is, therefore, something which never did exist 
and which never will exist. The "positive" method of 
philosophizing is simply an impossibility. The fundamental 
principle upon which the Positive Philosophy rests is the 
refusal to affirm that of which the afOrmation is the funda- 
mental principle of all knowledge, of all science, and of that 
Cosmic Philosophy which is the summing up of science. 

Thus, since Comte'a positive stage must be set aside 
altogether, and since his metaphysical stage and his theo- 
logical stage alike end in positing Absolute Existence as tlia 
source of phenomenal existence, this being also the funda- 
mental postulate made by science, the three stages vanish 
altogether, As we saw, in our second chapter, that front 
lowest to highest the process of knowing is essentially one 
and the same, we now see that from beginning to end the 
progress of that kind of knowledge which we call philosophy 
is one and the same. There aro not three successive or 
laperposed processes. There is one continuous process, 
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which (if I ma; be. allowed to invent a rather iormidablfl 
word in iinitiition of Coleridge) is best described as a con- 
tinuous process of dcantkropomorpkization, or the stripping 
off of the antbropomorphic attributes with wbich primeval 
philosophy clothed the uiiknovrn Power wbich ia manifested 
in phenomena. Or, to be still more accurate, we amy de- 
scribe the process of philosophic evolution as a continuoua 
ijitegration, in thought, of causal agencies ; of which procesa 
the gradual deauthropomorphization of these ^encies is the 
necessary symptom aud result, — until, as the end of the 
process, when all causa! agencies have become integrated in 
the conception of a single Causal Agency, the tendency to 
ascribe anthropomorphic attributes to this Agency has reached 
its minimum. 

We may now consider this process somewhat more in 
detail, as it has been concr.;tely exemplified in history. And 
in doing this it will become apparent that, in spite of its 
vagueness, its inadequacy, and tlie fundamental error whioh 
vitiates it, the Comtean conception undeniably contained an 
adumbration of tbe truth. It recognized tho process of dean- 
thropomorphization aa historically displayed, though it did 
not interpret it psychologically. And in several of its minor 
statements, we can have no hesitation in admitting Oomte'a 
generalization to be thoroughly valid. It is, for example, a 
historical fact that monotheism was preceded by polytheism, 
and that polytheism was preceded by fetishism ; as indeed it 
was a psychological necessity that it should be so. Nor need 
we have any scruples about grouping these various forms of 
anthropomorphism under the general title of theology ; or 
about employing the term " metaphysics " to designate that 
imperfect phase of science in which the necessity for veri- 
fication is not yet recognized, and in which the limita to 
philosophic inquiry are as yet undetermined. It was in this 
sense that the term was defined in oiir fifth chapter, and it 
was in this sense that Kewton used it in his famous objii> 
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gatioo, " 0, Physics, beware of Metaphysics ! " Tie term, 
t.9 tlius defined, as well as the term " theology," belongs to 
tiie general vocabulary of modern philosophy ; and in using 
the two, we ia nowise tacitly coraniit ourselves to the un- 
tenable Iiypothesis of tlie " Three Stages," while at the same 
time we are thereby enabled the better to sum up t!ie facts 
which seemed to Comte to justify his generalization. 

Premising this, we may proceed to gather our illustrations 
of the deantbropomorplitzing process. And first let us note 
that theology, metaphysics, and science all liave their com- 
mon starting-point in mythology. It is worthy of remark 
that at about the same time when Comte first announced his 
theory of the primeval origin of philosophy in fetishism, the 
greatest of modem scholars, Jacob Grimm, was beginning 
those profound inductive researches which ended in demon- 
strating the fetisbistic origin of myths. The myths of anti- 
quity and of modern sav^ery constitute philosophy in ita 
most primitive form, and embody whatever wisdom fetisbisffl 
has to offer as the result of its meditations upon the life of 
man and the life of nature Primitive men, like modem 
savages, had no systematic theology ; they possessed no sym- 
bolic conception of God as an infinite unity ; they were astray 
amid an endless multitude of unexplained and apparently 
unconnected phenomena, and could therefore form no gene- 
ralized or abstract notions of divinity. But they were 
"oppressed with a sensiis namini'i,a ft'cling that invisible, 
powerful agencies were at work around them, who, as they 
willed, could help or hurt them." They naturally took it for 
granted that all kinds of activity must resemble the one 
kind with which they were directly acquainted — their own 
volition. Seeing activity, life and motion everywhere, it was 
impossible to avoid the inference that intelligent voL'tion 
miiBtbe everywhere. Even after centuries of philosophizing, 
we can hardly refrain from 'jnagining an anthropomorphio 
effort, 01 niaus, aa constitut'ng the necessary link between 

VOL. I. a 
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cause and ePTect Yet in our minds, in ao far at least ae oni 
overt utterances are concerned, fetishism has been very nearly 
destroyed by the long contemplalion of the unvarying uni- 
formity of the processes of nature. In the mind of the primi- 
tive man there were no such checks. The crude inference 
had its own way unopposed ; and every action was believed 
to have its volition behind it. There was a volition for sun- 
rise, and another for sunset ; and for the flood of rain and the 
lightning there was a mighty conflict of volitions, a genuine 
battle of manitoiis, or superior beings, whenever — in mythic 
phrase — the great black shaggy ram, lifting audaciously his 
moist fleece against the eky, was slain and annihilated by the 
golden, poison -tipped, unerring shafts of Bellerophon.* 

Tims we may safely assert, with Comte, that the earliest 
attitude assumed by the mind in int-erpreting nature was a 
fetishistic attitude. That chaos which the oldest traditioaa 
and the latest science alike recognize as the prininrdinl state 
of the material universe must also have characterized the 
infancy of the human intellect. Until phenomena had been 
partially peneralized, they could only have been considered 
the manife^tntions of arbitrary powers, not only unallied, but 
even ia conflict with each other. And psychology tells at 

> Thus, ts T liare obserred in another ivorlc, " a njth Is an expliTintTon, by 
the nncivili/wl minci, of aomo natural [ihcnomcTioii ; not an bI^k"!?- "<•* •* 
Motoric Byidlioi, — for tliB inffenuity i» wiiated whiuh strivpi to detect in myth* 
the remnnuts «( a refined prinieTnf Bcieiicc, — hut an explmiulinn. PrimitlT* 
mun iinil nu |>ruf<>uDd iciencB to p«rpetunte bj mi'aii'i of tiWefnTj, nor wen 
tbiy Bucti a<>rry |1^1aDts u to talk in riiMtea nheu plain lansniK^ woiitii aerva 
their purfio'v. Tlieir miuJa, we may be sure, worked Iikn our own, and 
when thay ajuke of tba far-dBTtins; aun-god, tliey mi-nnt ju-t wlial they uM\, 
Mve th^Lt wbure wn propound a acientifie theoroni, tbey cnnitnietsd a myth. 
A thing la snid to be explained when it ia cloaaificd witli other thinga with 
whieh we are nlrendy acquaiuted. That ia tba only kind oF explanation ol 
which the hi'^hest soience ia capable. Wa explain the origin. priiRiru, and 
ending nf a thunder-Btorm, when we classify the pbDnomtrna prear-nted br it 
a1on){ with other mare familiar phenomeu* of vapoHantion anil conilenaatfoiL 
Bnt the primitiire man eiplainad the name thin); to hia own anliafaclion when 
be bad o'aaailieJ it alon^ with the well-known pbenomena of liumnn rolitliA 
hy construi-tinf; a fniTrt of ■ great black dragon pierced by tha tUMtflM 
anowa of a heaTealy a.i:bec."— JfyOa a>d ttytk-ltaitn, jf. U. 
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that the felishistic hypothesis was ihe only possible one, — 
that these powers must have been supposed to effect their 
purposes by means of voUtion. As we have seen, all inter- 
pretation of pbeoomeiia is an interpretation in terms of like- 
ness and unlikenesa. We know an object only as this thing 
or that thing, only as classifiable with this or that other 
object; and the extent of out knowledge may be measured 
by the accuracy and exhanstiveneas of our classification. To 
adopt a familiar expression of Plato, we are ever carrying 
on a process of dichotomy ; or, in the more precise language 
of modem psychology, we are continually segregating similar 
objects and similar relations of objects into groups, apart from 
those which they do not resemble. If we fail to detect the 
resemblances which really exist, or if we have imagined 
resemblances which do not exist, our interpretation is so fat 
inaccurate and untrustworthy, but not therefore necessarily 
useless. Some theory is needful as a basis for further 
observation, Wrong classification is the indispensable pre- 
lude to right classification. The mind cannot go alone till 
it has for awhile groped and atumbled. Nature, the hoary 
Sphinx, sternly propounds a riddle ; and many a luckless 
guesser gets devoured before an Oidipous arrives with the 
true solution. 

In the primitive hypothesis, therefore, the forces of nature 
must hflve been likened to human volition, because there was 
nothing else with which to compare them. Man felt within 
himself a sourco of power, and did not yet surmise that power 
could have any other source than one like that which he 
knew. Seeing activity everywhere manifested, and knowing 
BO activity but will, he identified the one with the other; 
and thus the same mighty power of imagination which now, 
restrained and guided by scientific methods, leads us to dis- 
coveries and inventions, then wildly ran riot in mythologio 
fictions whereby to explain the phenomena of nature. 

The advance from this primeval fetisliism through poly- 
S 2 
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ilieism to monotheism was determined by the gradual attain- 
ment of physical knowledge, or, in other words, by th» 
detection of certain uniformities in tho processes of natnire. 
The discovery of natural laws is the segregation of pheno- 
mena into groups according to their relations of likeness and 
unlikeness, attended by the disclosure of community of cbusb- 
tion for the phenomena constituting each group. After this 
process has continueil for a time, it is perceived that there 
are different modes of causation. Phenomena, in the pro- 
duction of which the hnmnn will ia not implicated, are seen 
to differ from those in which it is concerned, by exhibiting a 
more conspicuous and readily detected regularity of sequence. 
Consequently, in considering them, the conception of arbitrary 
or capricious will is gradually excluded, and is replaced by 
the conception of a uniform force, whose actions may be 
foreseen, and whose effects, if harmful, may be avoided. 
This having occurred in the case of the more familiar pheno- 
njeua, the same result eventually follows in the case of thos» 
which are more remote. The ultimate phase of this process 
characterized by the complete extrusion of volitional agenciei 
and the universal substitution of the conception of invariabli 
sequence, becomes possible only after an immense develop 
ment of physical science. Volitional agencies, therefoi-e, wert 
not at once extruded, but were only generalized more and 
more, and gradually separated further and further from th( 
phenomena which they were supposed to produce. A great 
step was taken in philosophy when the Titan dynasty vaa 
dethroned, and the celestial and terrestrial provinces ol 
phenomena partitioned between Zeus and Poseidon. A 
still greater step was taken when God, considered as an 
arbitrary volitional agency, was entirely separated from the 
universe of tolerably uniform sequences, interposing with hii 
will only on rare occasions. This is the cruder form of mono- 
theism, and in it the metaphysical mode of thought is verj 
congpicuoua. In place of the innumerable volitional age.J4 



I 



J 



BH. TiLj AlfTSROPOMURPEISM A2fD COSMISM. 181 

of the older theoBophy, we have now iunamerable occulta 
nrta, inLerent virtues, vital priuciplea, eeseatial properties, 
and abstract entities ; at the bottom of all the universal 
occult entity Nature, wliich is regarded as producing pheno- 
mena with considerable uniformity, save when the Volition b&- 
hind sees fit to interpose and temporarily modify the natural 
order. Finally, when physical generalization has advanced 
so far as to include all, or nearly all, ordera of phenomena, 
the theory of miraculous interposition vanishes, or remains 
only as a lifeless formula, verbally assented to, but not really 
believed in, while the presiding Volition is tlirust back to the 
beginning of things, being retained only as a convenient and 
apparently necessary postulate by which to account for the 
origin of the universe and the harmonious cooperation of 
phenomena. This most refined form of theology will be 
thoroughly discussed in a future chapter. We have now 
only to note that further progress in deanthropomorphization 
involves the extrusion of the notion of a volitional Cause 
altogether, and leaves us with the conception of a Cause mani- 
fested throughout the entire world of phenomena, which is an 
indestructible element of consciousness, and which, equally 
ivith the anthropomorphic conceptions which have preceded 
it, is the pro[ier object of religious feeling, but concerning the 
nature of which — in itself, and apart from its phenomenal 
manifestations — the human mind can frame no verifiable 
hypothesis. 

We have seen that this terminal phase of the deanthropo- 
morphizing process is radically distinct from Positivism, in 
vhich the Cause manifested in the world of phenomena is 
jntirely ignored. It need hardly be added that it is equally 
distinct from Atlieism and Pantheism, in which no place is 
left for a Cause distinct from phenomena themselves. How 
fhall we characterize this terminal phase of the long process 
of philosophic development which we have just passed in 
rapid survey T An answer viU be forthcoming i£ we punaa 
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to consider the commoD characteristics of tbe theological 
phases of thought which, in this terminal phase, are assumed 
to be outgrown and superseded. Let us premise that the 
word " Cosmos " is, hy virtue of its etymology and of strict 
scientific usage, the antithetical correlative to the woril 
" Chaos." It denotes the entire phenomenal universe ; it 
eonnoles the orderly uniformity of nature, and the negaticn of 
miracle or extraneous disturbance of any kind. Now it is a 
common characteristic of the theolo^ico-meta physical pbasea 
of philosophy above passed in review, that while they have 
sought to explain the universe of phenomena, their explana- 
tions have been not purely cosmic, but to a greatt'r or leas extent 
anthropomorphic. Instead of restricting tbemselves to the 
interpretation of the uniformities of coexistence and sequence 
discovered by science, they have had recourse to unveritiable 
hypotheses concerning supernatural beings and occult entities, 
anil have thus complicated the conception of the Cosmos with 
that of anthropomorphic agencies that are extra-cosmic. We 
have seen that the process of scientific generalization, which 
underlies the evolution of philosophy from epoch to epoch, is 
cliaracterized not by the elimination of these agencies, but by 
their integration into a single Agency, from which tha an- 
thi-opomorphic attributes are stripped, and which is regarded 
as revealed in aud through the Cosmos. Manifestly, then, 
wlule it is impossible to define this process as a develupment 
from Anthropomorphism to Positivism, it is on the other 
hand strictly accurate and entirely appropriate to define it oa 
a development from Anthropomorphism to Cosmism. I do 
not know where we could find, for our purpose, a pair of 
terms more happily contTasted. For besides the counota- 
tions just described, there is also involved in this termino- 
logy the recognition of the fact that, at the outset, men 
interpreted the Cosmos in terms of human feeling and 
volition; while, on the other hand, as the newest result of 
icieatilic generalization, we now find them beginning to 
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interpret human feeling and volition in terms obtained from 
the objective etudy of the Cosmos. 

Let it be noted also, that, alon,!.' with this group of bappy 
OOQtrantf, there is an equally biippy lack of antagouism 
between our pair of terms. Tor while, oq the one baud, 
ftU past philosophies have b^en Cosuiiu, in so far as tlit; 
iDtcrpretaliou of the universe has been, their aim ; on ttie 
other hand, it will uever be possible to get entirely rid til 
every trace of Anthropomorphism. For, as was proved in 
the fourth chapter, there is authropoiuorphism even in 
speaking of the unknown Cause as single ; and, as has been 
proved in the present chapter, there is aDthropomorpbism 
even in speaking of the uukuowa Cause as a Power mani- 
fested in phenomena. Yet we must either use such langua;;e 
or remain silent; we must either syuibulizu the unknown 
Cause or ignore it, — and as the latter alternative in impos- 
sible, we must accept the former. 

Thus is exhibited in strong relief the peculiar excellence 
both of our tlicory of deanihropomorphization, and of tli'j 
terms in which it is stated. For whereas the Atheistic 
Ftulcieophy cm-rent in the eighteenth century, Bought to 
break entirely with the past, scornfully setting aside its 
time-honoured beliefs as so much quackery aud delusion ; 
uid whereas the Positive Philosophy, in bpite of its sym- 
pathetic attitude toward the past, consequent upon its 
announcing itself aa the termiual phase of a long deveiop- 
meut, nevertheless was obliged tacitly to break with the 
past, in so far as it ignored that which in earlier stages ha<l 
always been taken for granted; on the other baud, tl-u 
Cosmic Phdosophy, in announcing itself as the most recent 
phase of a long development, recognizes no break anywhere 
in the course of that development. While Atheism scoffed 
ftt leligioo, and denied that the religious sentiment needed 
wtisiauiion ; while Positivism, leaving no place in its scheme 
foE religion to occupy, vas compelled by an atteithougbt to 
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pFockim that the religious seDtiment finds ita legitimate 
satisfaction in the service of an idealized Hnmaiuty; 
Coamisiii, on the contrary, assigns to religion the same place 
which it has always occupied, and affirms that the religious 
sentiment must find satisfaction in the future, as in the past, 
in the recognition of a Power which is beyond Humanity, 
and upon which Humanity depends. The existence of Qod 
— denied by Atheism and ignored by Positivism — is the 
fundamental postulate upon which Cosmism bases its 83^- 
thesia of scientific truths. The infinite and absolute Power, 
which Anthroporaorphiam has in countless ways sought to 
define and limit by metaphysical formulas, thereby rendering 
it finite and relntive, is the Power which Cosmism refrains 
from defining and limiting by metaphysical formulas, thereby 
acknowledging so far as the exigencies of human speaking 
and thinking will allow — that it is inGnite and absolute. 
Thus in the progress from Anthropomorphism to Cosmism 
the religious atUtude remains unchanged from the beginning 
to the end. And thus the apparent antagonism between 
Science and Keligion, which is the abiding terror of timid 
or superficial minds, and which the Positi\'e Philosophy did 
comparatively liitle to remove, ia in the Cosmic Philosophy 
utterly and for ever swept away. 

The further elucidation of these ^newa must be postponed 
until we come to treat in detail of tlie relations of science to 
theism and religion. With this preliminary indication of a 
theory to be hereafter more fully unfolded, the present 
chapter might be brought to a close, were it not that our 
i;onclnaions have been elicited through a criticism of the 
iheory of Comte, and that, at the beginning of our discussion, 
certain expectations were held out which the close of the 
discussion may seem to have belied. Conformity to the 
requirements of sound criticism demands that something 
mure should be said upoo tliis point. 

We gtorted in the belief that we were about to Vace tlu 
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ontlines of some grand achievement whereby the claims of 
Comte to philosophic originality might be vindicated. We 
expressed entire dissent from Prof. Huxley's opinion that 
there is nothing of any value in the Positive Philosophy 
save that which it has borrowed from Hume. And we went 
BO far as to assurt that Comte's generalization of the historic 
order of speeuliitive development inaugurated nolliing less 
than a veritable revolution in the attitude of philosophy. 
Tet we have ended by regarding that generalization as 
wholly erroneous in one fundamental point, and as more or less 
inadequate in nearly all its points. And, more than this, we 
have noted that tlie very weakness of Comte's position con- 
sisted in his inability to advance one step in psychology 
beyond the point rpached by Hume. 

In spite of all this, however, the essential importance of 
the step taken by Comte is in no way invalidated. It is one 
thing to show that a doctrine is not wholly true ; it is quite 
another thing to show that it contains no truth whatever. 
When Copeinicus, for example, asserted that the planets 
revolve about the sun in circular orbits, he made a statement 
which is false; yet it is by virtue of his making this state- 
ment that we regard him as the inaugurator of the modern 
movement in astronomy. It was false that the planets 
revolve in circular orbits, but it was true that tlifty revolve 
about the sun ; and this was the part of the statement which 
turned men's thoughts into a new channel Now, while I do 
not believe that Comte will ever be regarded by posterity as the 
Kepler or the Newton of modem philosophy, it is not at all 
unlikely thi»t he will be pronounced its Copernicus, Though 
he was wrong in asserting that in the course of speculative 
evolution there are three radically distinct stages, and wrong 
also in assuming that the consciousness of Absolute Exis- 
tence can ever be abolished; he was right in asserting that 
there has been a definite course of speculative evolution, of 
tvhich deaalhropomoiphizattoD is an essential Ciaturc, and 
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which must end in the complete rejection of ontology. And 
this — though Prof. Huxley ha.s not remarked )t — was the 
part of Mb statement which called attention to the fact that 
a new era in speculatioa was commencing. I cannot, thcr&- 
fore, unreservedly endorse Mr. Spencer's assertion that Com! e, 
whileacceptiug the doctrine of the relativity of knowledge aixl 
kindred doctrines of modern scientific philosophy, neverthe- 
less did nothing toward placing these doctrines uponalirmei 
ground tlian they had hitherto occupied. Comte indeed con- 
trihuted nothing whatever to the psychological justification 
or elucidation of these doctrines ; yet with liis keen historic 
sense, he did much toward justifying them historically. To 
Hume's partial demonstration of the relativity of knowledge, 
Comte added incalculabla weight hy showing that toward 
the assertion of that doctrine tended tiie eiiormoua momen- 
tum of twenty-five centuries of speculative activity. It is 
true that he proved tills point only hy an empirical induction 
from the facta of history ; and it is true that he only half 
understood and stated incorrectly the doctrine which he thus 
empirically cmilirmed. Nevertheless even this incomplete 
achievement was partly the symptom and partly the cause 
of a philosophic revolution, the character of which we shall 
nioi'e fully appreciate when we come iu our final chapter to 
compare the critical attitude assumed by philosophy in our 
age with that which it assumed in the age of Kousseau and 
the Enci/dopi'disUs, When we recollect how slow is the 
education of tha human race, and how few are they who can 
serve elliciently as its teachers, we shall be inclined to admit 
the justice of the principle that great thinkers should be 
•Btimated rather according to what they have accomplished 
thiui according to what they have failed to accomplish. 
Historic criticism is at last beginning to learn this importaat 
lesson. And just as we freely admit that in those very 
speculations uf Berkeley and Hume and Kant which \ 
r^joct> the point wliich riveted the attention of theit aathoB 
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was a valuable truth, though not the truth which they sup- 
posed they saw ; in like manner we must admit that in tliat 
theory of Comte'a which I have here adversely criticized, 
there was contained a friiitfal g<trm of truth. 



CHAPTER Vm 



OBOAKIZATIOK 07 THB SCIEKCEa 



Thk results obtained in the coarse of the preceding inqnhy 
hare added depth and precision to our conception of the 
Scope of Philosophy. In coming to look upon all phenomeiia 
as manifestations of a Power unknowable in itself yet know- 
able in the order of its phenomenal manifestations, we have 
virtually come to declare that the true business of philosophy 
is the determination of the order of the phenomena in which 
this omnipresent Power ia manifested. And thus we arrive 
by another road at the very same definition of Philosophy 
which was previously given ; and we see that the progress <rf 
deanthropomorphizatiou, while leaving the religious attitude 
of philosophy entirely unchanged, has at the same time pre- 
cisely limited its scope in making it the Synthesis of the 
general truths of scii^'uce into a system of universal truth. 
We have next to inquire — as preliminary to the construction 
of such a Synthesis — into the manner in which the different 
orders of scientific truths are to be grouped for the purposes 
of our philosophic construction. In short, we are brought 
face to face with the problem which also occupied Comte 
next in order after the question of deanthropomorphizatiou . 
we have to deal with the clussili cation of the sciences. 
And, as in the preceding chapter, we shall eude;ivour, i»hil« 
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adrereely criticizing the Comteaa theory, to elicit results which 
are both true and available for our subsequent inquiries. 

Comte begins by distinguishing two kinila of natural 
Rclences ; the one kind abstract and general, having for their 
object the discovery of the laws to which Lhe various orders 
of phenomena conform, in all conceivable cases; the other 
kind concrete, special, descriptive, consisting in the appli- 
cation of general laws to the natural history of Lhe various 
objects actually existing in the present or past, Tliere is 
nothing difficult, or even novel, in this distinction, since it 
corresponds very nearly with that which is ordinarily drawn 
in scientific treatises between dogmatic physics and natural 
history. We shall see the difference very clearly by com- 
paring genera! physiology, on the one hand, with zoology 
and botany on the other. The one formulates the general 
laws of life, whether considered in equilibrium or in the 
process of development; the other merely enumerates the 
conditions and mode of existence of each particular species 
of living bodies. Similar is the contrast between chemistry 
and mineralogy, of which the latter science is evidently 
founded upon the former. In chemistry we consider all 
possible combinations of heterogeneous molecules, in all 
imaginable circumstances ; in mineralogy we consider only the 
particular combinations which are found realized in the actual 
past or present constitution of the terrestrial globe, under 
the influence of special sets of conditions. A circumstance 
which well illustrates the difference between the chemical 
and the mineralogical point of view, although the two sciencee 
deal with the same objects, is, that a large proportion of the 
facts contemplated in chemistry have only an artificial or 
experimental e.usteDce. So that, for example, a body like 
chlorine or potassium may possess great importance in 
chemistry by reason of the extent and energy of its reactions 
uid its affinities ; while in mineralogy, on the other hand, it 
may be of little importance, becaose it is but seldom odd- 
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oerned in prml'icing the natural rearrangements of molecnlea 
which it is the business of niineralo'jy to explain. And con- 
versely, some such compound as granite or feldspar, which 
fills a great place in mineralogy, may be of little interest 
from the chemical point of view. 

Of these two kinds of sciences, according to Comte, mani- 
festly it is the first kind which first needs to be cliissified 
aid systematically studied in its doctrines and methods. The 
scientific study of concrete physics presupposes tlie scientific 
study of abstract physics. For example, the study of the 
geologic devalopment of the earth, when prosecuted in the 
most comprehensive manner, requires not only the previous 
study of physics and chemistry, but also some previous 
knowledge of astronomy and physiology. And similarly the 
Bcientific study of oceanic and atmospheric currents, — which, 
in the present chaotic state of our nomenclature, we charac- 
terize variously as meteorology, or climatology, or include 
under physical geography, — demands a preliminary acquaint- 
ance not only with mechanics, chemistry, and all the blanches 
of molecular physics, but also with astronomy, since climatio 
rhythms depend upon the inclination of the earth's axis to 
the plane of the ecliptic, and more remotely upon the varia- 
tions in that inclination known as precession and nutation. 
It is for this reason that concrete physics has made so little 
piugress down to the present day, since it could begin to be 
rationally studied only after all the branches of abstract physics 
had assumed a distinctively scientific character. While, con- 
versely, aa soon as abstract physics has been completely 
organized, the studj- of concrete physics becomes merely the 
detailed application of general principles already established. 

From these considerations Conite concluded that his Positive 
Philosophy might be founded upon a thorough oi^anization of 
the doctrines and methods of the abstract sciences alone. The 
problem first in order was to arrange th"se sciences in • 
natural seriea. The end to be kept in view, in this encydo- 
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pffidic labour, is to arrange the sciences in the order of ttiPii 
Dftinial succession and mutual int^rdepen-lence ; so that we 
may study and expound them one after the other, without 
ever being led into a zigzag or circular course of study and 
exposition. It should be mentioned here at the outset, that 
Comte did not regard such an end as strictly attainable, in 
all its rigorous precision. He tells us expressly that hov- 
ever natural and however logically serviceable siich a classi- 
fication may be, it must always and necessiirily contain 
aomething that is arbitrary, or at least artificial, in its 
arrangements. This, aa he clearly saw, must ever result 
from the very richness and complexity of Nature, which 
refuses to be analyzed and partitioned off into distinct pro- 
vinces, save provisionally for convenience of study. In hia 
Introduction he reminds us that so few as six fundamental 
Bciencea will admit of seven hundred and twenty diFferent 
arrangements; and that in behalf of each of these airange- 
ment« very likely something might be said, sinc3 even in the 
variona classifications already proposed, the same science 
which one places at the beginning of the scale is by another 
placed at the end.* Nevertheless there is one series which 
il clearly indicated by the decreasing generality and simpli- 
(rity of the phenomena with which the respective sciences 
are concerned. And this is the order which Comte adopts, 
primarily on account of its lo;4icaI convenieiica. He begins 
with the most simple and general phenomena, to proceed 
Btep by step to those which are most complex and special. 

Proceeding upon this principle, we are confronted at once 
by two grand divisions of phenomena, inorganic and orgnnici 
There is no diEBcuIty in deciding which of these to study 
first. The more general and simple phenomena of weight, 
heat, light, electricity, and chemism, are manifested alike by 

■ Later in Ufa Oomte, no doubt, eamr to look nyion hii c1as>ifirittlon u 
•oinpletfi uni iinsL And bo it aprean lo ba rrgarded b; hia diHcipIiHi wIm 
■n oeaf to all lbs cooaidentloiu wliiub impeach iL 
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not-living and ty living bodies ; whereas the more special 
and complex pbeDomena of life are manifested, of coiiTae, 
only by the latter. Tlierefore the science of inorganic phei 
mena must precede the other. We can study thermal radia- 
tions and chemical reactions without taking vital forces into 
the account ; but we cannot study living organisms without 
appealing to physics and chemistry at every step. 

In the science of inorganic phenomena a somewhat less 
obvious principle of division next presents itself Inorganic 
physics may he divided into celestial and terrestrial physics ; 
of which the first treats only of gravitative force as mani- 
fested in the relatively simple phenomena of the mutual 
attractions of the heavenly bodies ; while the second treats 
not only of gravitative force as manifested throughout rela- 
tively complex terrestrial phenomena, but also of the mole- 
cular forces, cohesion and chemism, and of the modes of 
iindulatory motion called sound, heat, light, magnetism, and 
electricity, This second division may be again subdivided 
into physics proper and chemistry. The first treats of those 
changes in which the relative positions of the molecules of 
matter are altered homogeneously, resulting in increase or 
decrease of volume, or other change of physical state ; while 
the second treats of those changes in which the relative 
positions of molecules are altered heterogeneously, resulting 
in the production of new compounds and new affinities. Of 
these two sciences, manifestly physics should be first studied. 
We can to a certain extent generalize the laws of reflection 
and refraction, condensation and rarefaction, without help 
from chemistry ; but we cannot proceed a step in chemistry 
without appealing to physics. 

Turning now to organic phenomena, we perceive that 
living beings may be studied either individually or col- 
lectively. In the first case we generali2e the laws of nutri- 
tion and reproduction, of muscular contractQity and nervooi 
seusibility. This is the province of biology, a science whiok 
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according to Comte, ia of itself competent to include all the 
phenomena presented by vegetables and by ibe lower 
animals, aa well as all those presented by individual man. 
But in the case of man, the aggregation of individuals gives 
rise to an entirely new class of phenomena produced by the 
reaction of individuals upon each other. To generalize the 
laws of this cleiss of phenomena ia the business of sociology, 
which is thus manifestly the most complex and special of 
the sciences. 

According to Comte, this disposes of all the fundamental 
abstract sciences, except mathematics. This science he 
places first of all, the phenomena of number and form being 
universal, and cnpable of generalization without reference 
to other phenomena. 

Thus we have tlie hierarchy of the positive acieDces 
arranged in the following order : — ■ 
I. Mathematics. 
II. Astronomy. 

Ill, Physics. 

rv. Chemistry. 
V. Biology. 

VI. Sociology. 

In each of these sciences, there are several subdivisiona 
which Comte endeavours to arrange, wherever it is possible, 
according to the same general principle of convenience. In 
mathematics, he places algebra before geometry, on the 
ground that we can study number by itself, but in order to 
study form we must make use of sundry laws of number ; 
and for a similar reason, mechanics, which involves time and 
motion, is placed siibsequent to the other two. In physics, 
barology, or the general doctrine of weight and pressure, is 
placed first, as nearest akin to astronomy ; and electrology is 
placed last, as nearest akin to chemistry. The intermediate 
branches, acoustics, optics, and thermology, would now be 
Tanked in the order in which I have named them; bnt 
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Gomte ranlted therniology first, probably brcRnse ;jf thv' 
enthusiasm aroused in him by hia friend Fourier's achieTe- 
nent in bringing the general doctrine of tliennal expaDsion 
and contraction so thorou^lily under the sway of mathe- 
matical analysis. In biology, anatomy, or the study vi 
structure, is placed before physiology, or the study of func- 
tion; and the study of the vegetal or nutritive functiona 
precedes that of the animal or nervo-muscular functiona. 
In sociology, the study of equilibrium, or the conditioQB 
essential to order, is ranked before the study of the lawa of 
progress as generalized from history.' 

It will be observed that in this scheme no ^cial place ia 
assigned to psychology. This is an omission quite in keep- 
ing with Comte'a general conception of the scope of philo- 
sophic inquiry, from which the observation and analysis of 
states of consciousness are purposely omitted altogether. This 
omission will beat be criticized and characterized later on, 
when in the course of our philosophic synthesis we shall 
have arrived at the discussion of the relations of the phe- 
nomena of mind to the phenomena of life.' Meanwhile, 
merely noting this serious omission, we may observe that 
the clas3i6catiou just sketched is so fascinating in its 
plicity, and so manifestly convenient for many practioal 
purposes of research, that at first it seems almost a pity Cot 
criticism to iuvalidate it. Its leading features appear to speak 
for themselves, to carry their own recommendation with them, 
to characterize this classification as the best which, with oar 
present resources, it is possible to frame. And, indeed, if we 
compare it with some of the most ambitions preceding classi- 
ficalions, such as those of Oken and H^el ; or even witli 

* In * fnlnre chilpltrr, i( wilt uppMrtliit tli« (irorieT ■minfiTin'iit u intt tb* 
nvene of this, no sonnd llimrr of iwcjal eqnilitirinin taeing attiiiii!)la natfl 
Ac laws of protrma hiva hrpn jirneralizM froin histurr, wilh ihr aid ^ 
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the less pretentious but more uaeful systems of D'Alenibert, 
Stewart, Ampere, Geoffroy St. Hilaire, and Courtiot; its 
Buperioritj" is at once apparent. The arrangement seeina ho 
natural and obvious thiit it has not nufrequently been cha- 
racterized by able critics a3 "just the sort of "ilassihcntion 
that would naturally arise in any reflecting mind on a review 
of the flubject." We should not (orget, however, tliat it 
never had arisen in any of the reflecting minds which re- 
viewed the subject previous to ConitB. 

But Conite, who viewed everything in a historical light, 
intencted that his classification should be soniclhing more 
than a convenient plan for arriving at philosophic generality 
through the study of the separata abstract sciences. He 
regarded it also as a kind of philosophic tableau or con- 
spectus of the progress of the human mind from anthropo- 
morpliic toward scientific conceptions of natural phenomena. 
According to him, the order in which he avrnngt'd the 
sciences was the order in which they had respectively been 
constituted as sciences, — in which they had passed from the 
theological' or metaphysical into the scientific singe. Thna 
mathematics, he tells us, has been a science, ic ihe strict sense 
of the word, from time immemorial ; but he omits to tell ua 
that pure mathematics, dealing solely with number and form, 
tnd not involving conceptions of force, c\iu!d never have 
been in the theological stage. It was only the phenomena 
of force which to primitive men must have seenjud to require 
tea anthropomorphic explanation. The action of the human 
wilt, by the analogy of which external events were explained, 
may be a mechanical, but it is not a geometricul or Hl;^uliraic 
phenomenon. When we come to mechanics, there is room to 
construct volitional explanations. Nevertheless in mechanics 
there are so few traces of such explanations, since the dawn 
of history, that Comte thinks it may have alwnys been a 
positive science; and he quotes approvingly Adiim Smith's 
ceioatk that nowhere do we ever hear of a god ol' Weight 
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Such a god, however, had there ever been one, would have 
been a generalized deity, belonging to a comparatively 
advanced system of polytheism ; and though we are entitled 
to infer from this that the earliest generalization of the 
phenomena of weight was a scientific and not a theological 
generalization, we are not entitled to infer that in the 
primeval fetishistic period, before the phenomena had been 
generalized at all, they were not supposed to be due to voli- 
tion. It is one of the unfortunate results of Comte's use 
of the term "theological," to characterize this primitive 
philosophy, that we are apt to think it necessary tp seek 
for signs of a deity when examining the so-called theolpgic 
epoch. Tlie idea of a god distinct from the phenomenon 
was, however, a polytheistic, not a fetishistic idea: it was 
the result of much abstraction and generalization. * Fetish- 
ism endowed the particular object itself with volition. 
And, such being the case, I am inclined to believe that 
many even of the simplest mechanical phenomena may have 
been originally explained as due to the free will of the 
objects concerned.* However this may be, there can be no 
doubt that mechanical conceptions ceased to be anthropo- 
morphic at a veiy early date, and that statics, one branch 
of mechanics, is the oldest of the sciences, outside of pure 
mathematics. 

If now we consider the three great branches of inorganic 
physics, we tind abundant records of a time when the 
heavenly bodies were supposed to be intelligent creature^ 
and were worshipped as such. Even in the enlightened age 
of Periklos, and in the most advanced community then 
existing, Anaxairoras came near losing his life for asserting 
that the moon was a mass of rocks and not a goddess^ Long 
after monotheism had overthrown these cnide interpretations, 
the planeta were still supposed to be the abode of controlling 

1 Sm M^ amd M^A'JfstJitrt, chajk tiL* ''Hi* Prim«Til Qhoil 
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archangela. Even Kepler himsfilf, early in the seventeenth 
century, wa^ iDclined to countenance this opinion, as may be 
seen from a remarkable passage in his " Harmonices Mundi" 
(p. 262). It waa not until Newton that dynamical astronomy 
hecame a positive scieuce. Similarly with the phenomena of 
tetreatrial physics. The electric phenomena of storms, the 
thermal phenomena of congelation, the optical phenomena of 
the rainbow and the miraye, have, within the period known 
to hiatory, been explained anthropoinorphically; and, as late 
as the time of Cardan, echoes were by the unlearned iutei- 
preted as the voices of mocking demons, and ignesfatui were 
regarded aa malign spirits inhabiting marshes. WhUe in 
chemistry, both the Arabian alchemists and their European 
successors, in manipulating some of the more powerful re- 
agents, and especially in the use of explosive or highly com- 
bustible materials, believed themselves to be forcing unwilling 
supernatural i^ents to execute their purposes. Probably the 
name " spirits," as employed in modern pharmacy, has had 
some auch anthropomorphic origin. 

Inorganic physics has by this lime become almost entirely 
free from anthropomoiphic conceptions, in the sciences 
which deal with organic phenomeua, however, purely scientific 
conceptions do not yet reigu supreme. Biology and sociology 
are still infected with metaphysical, and even to a certain 
extent with theological, notions. In biology, for instance, we 
have the antbropomorphic conception of an archctus or vital 
principle, distinct from the oi^anism, and controlling its 
uiolecular processes. Though such a theory would not, at 
ihe present day, be defended by any authoritative wiiter upon 
'his subject, it is nevertheless vaguely present in the popular 
mind, aud exerts a clandestine inllueQce even upon scieiitihc 
'peculations. The metapbysical doctrine of stimulus, ^u ably 
criticized by Dr. Anstie in his treatise on "bliujulauts and 
Narcotics," — the doctiiue that stimulus is, not an increase in 
the rate of nutiition of the nerves, but a goading o£ iha 
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oiganisra, sure to be followed by a depressiTB mdioa, — ^ii 
founded mainly upon this antiqnated d priori conception id 
m vital ]irinciple. To take another instance, colds, feren^ 
and other diseases axe commonly spoken of as entities vhicb 
" get into the system," and are to be driven ont ; and imper- 
«fectly edacated physicians are often heard reasoning upon 
this mythological assumption ; whereas a disease of any kind, 
sci^'fitifically considered, is not an entity, but a distnrbanoe 
of equilibrium among the interacting functions of the 
oqpnism. A cancer, for instance, is a m^Ddificaiion of atrae- 
tnre resulting from a disturbance in the general proceaa 
of nutrition. Molecules which should normally be deposited 
here and there throughout the various tissues begin to aggre^ 
gate over a single limited area, forming a new abnormal 
tissue, of low vitality; and tlJs new tissue grows at the 
expen.^e of the organism until dtrath ensues firom exhaustion, 
or, if the wall of a large bLKxlves^el happens jo get en- 
croacht.'d upon and disintegrated, death ensues from henx>r- 
rhage. So an ordinan* fever, in which blood-poisoning does 
not occur, is the result of an ill-understiXMi alteration in the 
molecular prof»ertie3 of the bli»i, one of the chief symptoms 
of which is the adherence of the blood-corpuscles to the walls 
of the capillaries. Yet so prevalent still is the i*ersonifying 
habit of thought, that cancers and fevers are spoken of and 
rea'ioned about as occult entities, as ugly Things which some- 
how or other " get into " the blood. 

It is hanily n«fce:^saiy to insist upon the prevalence of the 
metaphysical habit in sociology, where final causes are still 
sought after, where the doctrine of the " freedom of the will " 
(or, as it might better be termed, of the ** lawlessness of voli- 
tion ") still maintains a precarious footing, and where prao* 
tical conclusions are constantly based upon the d priori 
doctrine of inherent "rijihts." Here, too, as well as in 
biology, even the theological point of view not uufrequently 
tppeara. The late war between France and Germany vat 
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doubtless the occasioQ of many prayers to the " God of 
Battles." The same persons who, in ihe ngular lecurrence 
of the seaaoria, in the expansion of heated bodies, in the 
explosion of fulminnting compounds, in the darkness caused 
by an eclipse, in short throughout the entire realm of in- 
organic phenomena, see nothing but the operations ol uniform 
forces, nevertheless explain diseases, famines, and political 
revolutions, upon the hypothesis of au overruling Providence 
extraneous to the Cosmos; announcing, perhaps, the doctrine 
of a divine judgment upon sin, — which is indeed not a 
fiction, but the mythologio version of a scientific truth. 

Not only (according to Comte) has dcauthropomorphization 
proceeded more rapidly iu the simpler sciences ihun ia the 
more f-omplex ones, but the generalization of causal agencies, 
of which deauthropomorphization is the result, took place 
earlier in the former tlian in the latter. This is to be seen by 
oompariug the dates at which the sciences respectively ceased 
to be mere aggregations of empirical knoweJge, and became 
founded as sciences, in the strict sense of the word. Thus 
aetronomy, at least in its statical deparltm'iit, was a science in 
the days of Hipparchos. Physics became a science when 
Galileo discovered the law of falling bodies. Chemistry 
became a science, about a hundred and seventy years later, 
when Lavoisier overthrew the doctrine of phlogiston, and 
ietected the true principles of couibustiou. Biology did 
not become a science until the very end of the eighteenth 
'.entuiy, when Bichat pointed out the relations between the 
functions of organs and the properties of tissues. Finally 
aociology has hardly yet become a science; and miiny 
educated peisuns still regard historical events aa happeniug 
in DO determinate sequence, and stigmatize, as not ouly 
chimerical but even impious, any attempt to formulate the 
order of such events. 

Here it becomes desirable to pass from simple exposition 
to DTiticism, In the Comteau views above set forth we must 
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of coQiw recognize a large amoant of historic tmth. 
can be no doabt that anthropomorphic conceptions 
disappear from those departments of science which are eariieM 
oonsdtnted and most rapidly developed. Nor can them be 
any doubt that in a vague and general way the Comteaa 
arrangement represents, or at an; rate snggests, the histonc 
order of progression. No doubt mathematics is the oldest o( 
the sciences — as indeed its name corioaslj hints to 
•ociolog; the youngest. No doubt the movements of 
of whit^h astronomy and physics treat, were correctly fonnn- 
laied sooner than the combinations of heterogeneous nole- 
cnles, which form the subject-matter of chemistry. And no 
doubt the science of inorganic phenomena as a whole is mote 
complete than the science of organic phenomena. All this 
most be admitted. Yet if we examine more closely into the 
matter, we shall discover grave errors in this classification 
which looked so fair to us on a cursory inspection. We shall 
notice first that in many points of fundamental importaooe 
it does not faithfully represent the oixler of historic progrea- 
Bion ; and when we come to inquire into the reason of thia 
&ilure, we shall find tliat the classification errs &om ila 
very simplicity, that the facts to be arranged are too co»< 
plex and heterogeneous to admit of any such facile linear 
arrangement. 

In the first place the historical relations between astronomy 
and physics have been mis-stated by Comte, and he hai 
marked out the province of physics after a fashion that is, it 
the present day, completely indefensible. To class togethw 
the science which treats .of weight and pressure, and tlta 
sciences which treat of light, beat, and electricity, and ta 
refer to the whole under the general appellation of Physics; 
is to prepare tlie way for statements which are too general to 
be accurate: In contrasling physics with astronomy, bow* 
ever, Comte is careful to let us know that he intends k 
designate that physics which deals with the phenomena • 
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movin<-' masses; for be tells ns tliat while astronomy has 
been a Bcience sines tlie time of Hipparcbos, physica first 
became a science in the days of Galileo. The slightest con- 
sideration will show us that this apparent confirnrtion of 
Comte's views rests upon a verbal ambigaity. For what por- 
lion of astronomical phenomena had been generalized as early 
u the time of Hipparchos ? Simply the statical or geo- 
metrical portion, namely, the apparent motions of the planets, 
the great achievement of Hipparcbos having been the con- 
stinction of the theory of epicycles and eccentrics, whereby 
to formulate these motions. It is needless to add that all the 
geometrical data used in making this genernlizatian had been 
obtained from the previous observation of terrestrial pheno- 
mena. And what portion of physics was it which was not 
generalized till the time of Galileo ? It was the dynamical 
portion, since statics had been erected into a science by 
Arcbimedfis, who lived just a century before Hipparchoe. 
By comparing the statical part of astronomy with the dyna- 
mical part of physics, C'omte finds it quite easy to establish 
the precedence of the former. Unfortunately, such pre- 
cedence is not what the argument requires, though it is all 
that can be established. If we compare like orders of pheno- 
mena, we shall see at once that it was physics which pre- 
ceded astronomy. Dynamical astronomy became a science 
only with the discovery of the law of gravitation ; and this 
law was not discovered, nor could it have been discovered, 
until after tbe leading generalizations of terrestrial dynamici 
had been established. For, as Mr. Spencer obser\-e3, " What 
were the laws made use of by Newton in working out his 
^nd aiBCoveryl The law of falling bodies, disclosed by 
•Jalileo; that of the composition of forces, also disclosed by 
l.4alileo ; and that of centrifugal force, found out by Huy- 
gbens — all of tbem generalizations of terrestrial physics. . . , 
Had IL Comte confined his atlention to the things and dis- 
T^garded tbe words, he would have seen that bei'ore mnnkind 
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tdenti&cally coordinated any one class of pbettomens die- 
played in the heaveus, they had previously coordinated a 
j)arallfi class 0/ phcaonuna displayed upon the surfoco of the 
earth."' 

This criticism is a very incisive one. It destroys this part 
of Comte's classilicatioTi not only from t)ie historical, but 
ais'j from the logical point of view. It fhowa that the study 
of astronomy depends upon tfaaC of terrestrial physics, aud 
should therefore come after, and not before it In fact the 
whole science of astronomy, as at present cocslituted, oon- 
sists of two portions, — the theory of gravitation and the 
theory of nebular evolution. The first of these, as we have 
just seen, is a mure extension to celestial phenomena of cer- 
tain laws of terrestriiil physics. The second depends npon 
the study of terrestrial phenomena in a yet greater d^ree, 
since it involves the knowledge not only of gravitation, but 
also uf radiant heat, aud of the conditions of equilibrium of 
gases and liquids.^ 

If now we compare physics with chemistry, we shall find 
a similar auibiguity in Comte's results. It is easy to sty 
that chemistry was not organized into a science until toward 
the close of the eighteenth century, wliile physics was 
organized at the beginning of the seventeenth : but what do 
we now mean by physics i If wa mean merely the science 
which generalizes the phenomena of weight, our proposition 
is indisputable ; but unfortunately it is of little use in 
supporting the Comtean classification. For Comte, aa wa 
have seen, includes under the general head of physics, tut 

• 8jienwr*« Enaayt, l»t aeries, -p^ 179. 

* 1 leave Ihis iw it stool Rts years a^io, v)ien tliU clmptar woi irnttaa. 
The nnmeroiis and wonclerlul diacloiturei of cpei-trum-ualTEi-i, not only giving 
0* nnlooked-ror infomwtion concemiDg tlis jilijsictJ coiutUution of tat itar^ 
bat erva liiraniiiR new light oa their moreiuunti, luoka it dp.sinble, perhapa 
U anUrge the scope unii^pd to utronuuij in the teii. But such > modiGo^ 
tian of the fortu of ntslemeat would tibow only the mom fonubty how cIomI; 

the itady ol utruiiomy depeiidti on the tludy of lerri^lriiil pli '"■ 

graivleit (tep rvtxntly taken in science ia thus &a addiUomil k 
U* Tslldity of CuKlea cooceplion. 
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mly the science of weigLt, but also the sciences of Leat, 
light, cleclricity aud magiietisni, to say nothing of sound. It, 
waa incumbent on Comte to show that this whole group of 
phenomena became scientifically coordinated at an earlier 
date than the phenomena of cht;mical composilion and 
decomposition. This, however, it would have been ■■mpoa- 
sible to show. Electric phenomena, the must backward of 
the group, were not scientifically coordinated until the 
close of the last century, when Coulomb (generalized the laws 
of electric equilibrium. Strictly speaking, there was no 
general science of Physics even when Comte wrote the 
" PhUoaophie Positive;" and in linking together the allied 
departments of optiL's, thcrmology, acousticis and eleclrolog^', 
he made up what was then an incongruous group, about 
which it was unsafe to make general statements. In 1842 — 
the year in which Comte 's work waa finished — Mr. Grove, by 
showing that the diflerent allied manifestations of physical 
force are modes of motion which are convertible into each 
other, laid the foundations of a general science of Molecular 
Physics, regarded as a science of vibrations. And in 1843. 
Mr. Joule, by discovering the mecbaitical equivalent of heat, 
gave to the new science a quantitative chnractor. These 
were the great epoch-making steps, like the steps taken by 
Newton in astronomy, which founded the science. 

It is thus evident that Comte was far from successful in 
this part of his classification ; and considering the state of 
"cience forty years ago, it appears impossible that he shoiild 
..ave succeeded. He united phenomena which should 
have been kept separate, and separated phenomena which 
should have been united. We are now in a position to st^ 
that Comies grand division of inorganic science must be 
subdivided into Molar Physics, which treats of the move- 
ments of masses ; Molecular Physics, which treats of the 
movements of molecules and of the laws of nyi;re4ation oi 
homogeneous molecules; and Chemistry, wliicb trtals of the 
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laws of ^gregation of Iieterogeneoua raolecules. And we 
See, moreover, that astronomy ia merely the applicatiou of 
the principles of molar physics (and, in its latest researches, 
of molecular physics and chemistry also) to the study of a 
special class of concrete phenomena. Such ia the logical 
aiTangement; and the only historical parallelism to he found 
is the fact that theoreina relaling to masses were reached 
sooner than theorems relating to moleculps. 

It would not he difficult to cite other ioatancea in whioh 
the Cointean classification is at variance not only with the 
order of the phenomena classified but also with the order of 
historic progression. But I prefer to quote from Mr. Spencer 
a remarkable passage which btrikes immediately at tiie vital 
point of the theory, Comte's fundamental error was in not 
recognizing "the constant effect of progress in each class 
upon all other classes; but only on the class succeeding it 
in his liierarchical scale. He leaves the impression that, with 
trifling exceptions, the scient;e3 aid each other only in the 
order of their alleged succession. But in fact there has been 
a continuous helping of each division by all the others, and 
of all by each. Every particular class of inquirers has, as it 
were, secreted its own particular order of truths from the 
general mass of material which observation accumulates; 
and all other classes of inquirers have made use of these 
truths as fast as tliey were elaborated, with the effect of 
enabling them the better to elaborate each its own order <rf 
truths. It was thus with the application of Huyghens'g 
optical discovery to astronomical observation by Galileo. It 
was thus with the application of the isochronism of the 
pendulum to the making of instruments for the measuring ol 
intervals, astronomical and other. It was thus when the 
discovery that the refraction and dispersion of light did not 
follow the same law of variation, affected both astronomy and 
physiology by giving us achromatic telescopes and micro- 
scopes. It was thus when Bradley's discovery of the abenft> 
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tion of light enabled liim to itial<e the first rtep towarda 
ascertaiiiitig the motions of the stars. It was ihne when 
Cavendish's torsion-balauce experiment deteruiineii the specific 
gravity of tlie earth, and so gave a datum for calnulatir^ the 
specific gravities of the sun and planets, It wa3 thus when 
tablea of atmosplieiic refraction ennbled obBervera to write 
down the real places of the heavenly bodies instead of their 
apparent placea It was thus when the discovery of the 
different expansibilities of metals by heat, gave us the means 
of correcting our chronometrical measurements of astronomical 
periods. It was thus when the lines of the prismatic 
spectrum were used to distinguish the heavenly bodies that 
ara of like nature with the sun from those which are not. It 
was thtts when, as recently, an electro-telegraphic instrument 
wM invented for the more accurate registiution of meridional 
transits. It was thus when the difference in the rates of a 
clock at the equator and nearer the poles, gave data for 
calculating the obtateness of the earth, and accounting for 
the precession of the equinoxes. It was thus — but it is 
needless to continue. We have already named ten cases in 
which the single science of astronomy has owed its advance 
to Bciencea coming after it in Comte's series. Not only its 
secondary steps, but its gi'eatcst revolutions have been thus 
determined. Kepler could not have discovered his celebrated 
. BW8, had it not been for Tycho Brahe's accurate observations ; 
tnd it was only after some progress in physical and chemical 
scienc that the improved instruments with which those 
observations were made, became possible. The heliocentric 
theory of the solar system had to wait until the invention of 
the telescope before it could be finally established. Nay. 
even the grand discovery of all — the law of gravitation^ 
depended for its proof upon an operation of physical science, 
the measurement of a degree upon the earth's surface. Now 
thia constant intercommunion, here illustrated in the case of 
one Bcieoce only, has been taking place with all the sciences 
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.... Let us look at a few cases. The theoretic law of the 
velocity of sound, enunciated by Newton on purely mecha- 
nical considerations, was found wrong by one-sixtL The 
error remained unaccounted for until the time of Laplace, 
who, suspecting that the heat disengaged by the compression 
of the undulating strata of the air, gave additional elasticity 
and so produced the difference, made the needful calculations 
and found he was right. Thus acoustics was arrested until 
thermology overtook and aided it. When Boyle and Mariotte 
had discovered the relation between the density of gases and 
the pressures they are subject to ; and when it thus became 
possible to calculate the rate of decreasing density in the 
upper parts of the atmosphere ; it also became possible to 
mfl^e approximate tables of the atmospheric refraction of 
light. Thus optics, and with it astronomy, advanced with 
barology • • • • When Fourier had determined the laws of 
conduction of heat, and when the earth's temperature had 
been found to increase below the surface one degree in eveiy 
forty yards, there were data for inferring the past condition 
of our globe ; the vast period it has taken it to cool down to 
its present state ; and the immense age of the solar system 
— a purely astronomical consideration. Chemistry having 
advanced sufficiently to supply the needful materials, and a 
physiological experiment having furnished the requisite hint^ 
there came the discovery of galvanic electricity. Gral\'anism 
reacting on chemistry disclosed the metallic bases of the 
alkalies, and inaugurated the electro-chemical theory ; in the 
hands of Oersted and Ampere it led to the laws of magnetic 
action; and by its aid Faraday detected significant facta 
relative to the constitution of light. Brewster s discoveries 
respecting double refraction and dipolarization proved tlie 
essential truth of the classification of cr}'stalline forma 
according to the numl>er of axes, by showing that the 
mok*cular constitution depends upon the axes. In these, and 
in numerous other cases, the mutual influence of the 
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haa bern quite indepCTxleTit of any stipposed hierai .tiicol 
arder. Often, too, their interactions are more comples ttinu 
18 thus inst-aiiced — involve more sciences than two .... So 
complete in recent days has become this cowsenaiM among the 
sciences, caused either by the natural entanglement of their 
phenomena, or by analogies in the relations of their 
phenomena, that scarcely any considerable discovery con- 
cerning one order of facts now takes place without Tery 
ehoTtly leading to discoveries concerning othp.r orders."' 

Mr. Spencer goes on to desciibe the infinitely complex 
manner iu which the various sciences act upon the advance- 
ment of the arts, and are reacted upon by that advancement. 
He enumerates the vast multitude of arts, involving the 
knowledge of many distinct sciences, which enter into the 
economical production ol such an apparently simple article 
as a child's calico frock. He shows that the various sciences 
by turns stand in the relation of arts to each other; and that 
often the mere process of observation in any one science 
requires the aid of half a dozen other sciences. But it is 
needless for me to go on quoting from an essay which is 
easily accessible, and which should be read from begiuuing 
to end by ever}'one who wishes to understand the tnic 
character of scientific progress. I prefer to add an illustra- 
tion or two, suggested by the progress of science during the 
nineteen years that have elapsed since tHat essay was 
published; and to observe bow KirchhofTs discoveries in 
■oectrum-analysis — rendered possible only through a great 
advance in chemical knowledge — have reacted ujton 
astronomy, enabling Mr. Huggins to determine the proixa 
motion of Siriua, and consequently, by putting it in oiu 
power to ascertain tlie motions of all tliose st-ars which, 
moving directly towards or away from us, yield uo parallax, 
have laid the ibundations for a general theory of sidereal 
dynamics, to be further elaborated in the future, Oi u> take 
> Sptncer'i Ismjp, lit seriei, pp. 181— 1S3, 214, SIS. 
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a still more strikiDg instance, let ua remember how Adam 
Smith's elucitlation of the principle of "division of labour," 
in sociology, suggested to Goethe the conception of a " division 
of labour " in biology, and thus heralded Von Baer's magni- 
ficent discovery that organic development is a progressive 
change from homogeneity to heterogeneity of structure. And 
let us note how this discovery in biology has lately reacted 
upon all preceding departments of invest i.Lijti on, strengthening 
the nebular theory in astronomy and the theory of the pro- 
gressionists in geology ; and thus ultimately reacting upon 
our philosophy by giving us, for the first time, a ecientifio 
doctrine of the evolution of the physical universe. 

Enough has been alleged to prove that the Comtean view 
of the progress of science fails to account for more than a. 
limited portion of the facts of that progress. Instead of the 
sciences aiding each other, with few and unimportant ex- 
ceptions, only in the hierarchical order in which Comte has 
placed them, we perceive that thoy have continually been 
aiding each other in all directions at once. The more 
complex sciences have all along been assisting the simpler 
ones, and these have often been delayed in their progress for 
want of the assistance which the former have ultimately 
furnished. There has, therefore, been no such thing as a 
progressive evolution of the sciences in a linear order; but 
there has been a consentaneous evolution, in which the 
advance of each science has been a necessary condition of 
the advance of all the others. 

It thus appears that Comte unduly simplified the problem. 
His classification well enough expresses the order of develop- 
ment of the sciences, in so far as their development has 
depended merely on the relative simplicity or complexity of 
the phenomena with which they have had to deal. It rcsta 
upon the assumption that, with few and unimportant ex- 
ceptions, the progress of generalization has been from the 
simple to the complex. Xow this ia not the case. Tbi 
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progress of generalization has indeed been partly determined 
by the relative simplicity or complexity of the phenomena 
to be generalized (and this fiict accounts for the considerable 
amount of truth which the Comtean doctrine contains); but 
it has been also determined by several other circumslances. 
In the chapter on " Laws in General " to be found in the 
first edition of " First Principles," but omitted in the revised 
edition, Mr. Spencer has called attention to some of these 
circumstances. He reminds us that not only are phenomena 
early generalized in proportion as they are simple, but also in 
proportion as they are cons/iicuoiia or obtrusiva "Hence it 
happened that after the establishment of those very manifest 
sequences constituting a lunation, and those less manifest 
ones marking a year, and those still less manifest ones 
marking the planetary periods, astronomy occupied itself 
with such inconspicuous sequences as those displayed in the 
repeating cycle of lunar eclipses, and those which suggested 
the theory of epicycles and eccentrics; while modern astro- 
nomy deals with still more inconspicuous sequences, some 
of which, as the planetary rotations, are nevertheless the 
simplest which the heavens present." The solution of the 
problem of specific gravity by Archimedes, and the discovery 
of atmospheric pressure, nearly nineteen hundred years later, 
by Torricelli, involved mechanical relations of exactly the 
same kind ; but the connection between antecedent and con- 
sequent was much more conspicuous in the former case than 
in the latter. The effect produced by the air in decomposing 
soil is a phenomei.on just as simple as the rusting of ir*>n or 
the burning of wood j but it is far less conspicuous, and 
accordingly chemistry generalized the one long before the 
other. Finally, if, remembering the enormous advance in 
science due to the telescope and microscope, and bearing in 
mind the equally astonishing resulU which are likely to 
ariwfrom the use of the lately-invented spectroscope, we ask 
what ia the character of the seivioe rendered os by them 
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instrunients ; the reply ia that they enahle na to generalize 
pheuoniena which before were too inconspicuous to be 
generalized. 

Again, other things equal, phenomena that are fttqutitX 
have been scientifically explained sooner than unusual phe- 
nomena. " Rainbows and comets do not differ greatly in 
con ppicu OUST! ess, and a rainbow is intrinsically the mora 
involved phenomenon; but chiefly because of their far 
greater commonnesa, rainbows were perceived to have ■ 
direct dependence on sun and rain while yet comets were 
regarded as supernatuml appearances." 

In like manner the more concrete relations have been 
formulated before those that are more abstract If we were 
to adhere rigorously to Comte'a principle of decreasing 
generality, we should have to place the infinitesimal calcnlua 
before algebra, and algebn before arithmetic. But the order 
of development has been just the reverse, — from arithmetic, 
the least abstract department, to calculus, the most abstract 

Lastly I would suggest a circumstance, not mentioned by 
Mr. Spencer, namely that, other things equal, the sciencet 
must advance according to the ratio between the complexity 
of the phenomena with which they deal and the multiplicity 
of our means for investigating those phenomena. I shall 
presently describe our three chief implements for extorting 
the secrets of Nature — observation, experiTtient and com- 
parison ; showing that in general, as phenomena become 
more and more complicated, our ability to make use of these 
implements increases. In astronomy we have only observa- 
tion to help as; but astronomic phenomena are comparatively 
simple, so that here we have a highly-developed science. In 
biology we can use all three implements ; and so. in sp^te of 
the complexity of vital phenomena, we have here a tolerably 
well -organized science. But in meteorolony, wc have to deal 
with very complex phenomena, and still have no resource 
•ave in steadfast observation. Hence meteorology ia stiU a 
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veiy backward acience, — more backward even tben sociology, 
of which the phenomena are far more compleit. 

According to Mr. Spencer, phenomena are also jjenernlized 
early in proportion aa they directly affect human welfare. 
But this circumstance would appear to have far less potency 
than the others above enitnierated. There is, of course, no 
doubt that men will earliest study those subjects which moat 
obviously concern them; but whether their study will be 
fruitful or not depends, as it seems to me, upon the other 
factors in the case, above enumerated. I doubt if there is 
any instance in which this factor has actually ovenulud the 
other factors, as theae have continually overruled each other. 
Sociology is the science wJiicb, more than all othcis, would 
seem to have direct practical bearings upon human wellare; 
yet, although men have etudied social phenomena since the 
days of Plato, they have but lately arrived at any scientific 
generalizations concerning them. The daily clianyea of 
weather are more obviously concerned with human iiiteresta 
than the geological succession of exlinct animals and vege- 
tables ; yet our scientific knowledge of paleontology, though 
unsatisfactory enough, is yet far more advanced than our 
scientific knowledge of meteorology. Ko doubt men will 
soonest endeavour to understand the phenomena wliich most 
iutimately concern them ; but the order ia which they will 
come to understand them will depend upon the simplicity, 
the concreteneas, the conspicuousness, and tlie (retiuency oi 
the phenomena, and upon the number and peirwliou of the 
implements of investigation which are at command. Indeed, 
from owe point of view, it may be urged that direct com- 
plicity with human interests is often a hindrnuce to the 
Ktenlific investigation of pheuomena. Doulitless the dis- 
interested calmness with which remote niathL-niaticiLi and 
physical inquiriea are prosecuted is one hecret of their 
bucce6S. As Hubbes fcmarkel, with kteti Btircii^m, "even 
the axioms of geometry would be disputed if men's pubsiuiu 
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were concerned with them.* And does not daily experience 
teach U8 the difficulty of getting dvlt legislators to accept 
the simplest and most completely established principles of 
political economy? 

Thus there are at least five separate factors determining; 
the order and rate at which knowledge progresses ; and it is 
the interaction of these factors which has made the actna! 
order of scientific development too complex to be embraced 
in any linear formula, like that proposed by Comte. It ia 
because it recognizes only one of these factors that the 
Comtean classification fails to represent the historic order in 
its true complexity. It makes a straight line where it ought 
to n\ake a system of inosculating spirals. 

Returning now from the historical to the logical point of 
view, we have to note a still more fundamental error in the 
Comtean classification. That classification reste primarily 
upon the distinction, above explained, between the abstract 
and the concrete sciences. That there is such a distinction 
cannot be questioned ; but it will not be difficult to show 
that Comte has made the division incorrectlv. When Comte 
contrasts chemistiy with mineralogy, because the one 
formulates the abstract laws of the aggregation of hetero- 
geneous molecules, while the other applies these laws to 
concrete instances actually realized in nature, under the 
influence of particular sets of conditions, — the distinction 
must be admitted as ^"alid. But when he similarlv contrasts 
biolocT with zoolo^ and botanv, because the one formulates 
the general laws of life, while the others merely stndy the 
conditions of existence of particuLir genera and species, 
the distinction cannot be admitted as valid. In so fiir as 
zoology and botany are restricted to the mere description and 
enumeration of organic forms, they cannot strictly be called 
!iciences at all, but ouly branches of natural history. In sf 
!'ar as they are anything more than this, they are a consti* 
tneat part of biology. For in biology, it is the study of As 
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concrete conditions of existence of living; oTganiemB wbieh 
Ilea at "the bottom of the whole. The laws of nutrition, 
reproduction and innervation are not ahstract laws, con- 
Bidered apart from the conditions in which they are realized, 
like the law of inertia in physics, or the law of deBnite 
proportions in chemistry. They are realized in each concrete 
instance juBt as much as certain chemical and physical laws 
are realized in each concrete instance of mineraloj,'?. Or, in 
other words, the laws of biology are derivative uniformitieB, 
while the laws of physics and chemistry are original unifor- 
mities. Giveii the general laws of molecular combination 
and decombination, and given also a certain deHnite organiza- 
tion placed in a given environment, and the laws of nutrition, 
reproduction and innervation follow. Take away the definite 
organization, and you have nothing left hut the laws of 
molecular rearrangement, which are the subjects of physios 
and cliemistry. This is not identifying biology with physics 
and chemistry. The fact of organization remains, by the 
' study of which biology is an independent science. But it is 
a concrete science, since it can study organization only as 
actually exemplified in particular organisms. The same is 
tme of sociology, which is simply an extension of the 
principles of biology and psychology to the complex 
phenomena furnished by the mutual reactions of intelligent 
organisms upon each other. There is no abstract science of 
sociology which leaves out of sight the special complications 
arising from the interaction of concrete, actually-existing 
communities. Any such abstract science is a mere figment 
of the imagination, born of Comte's excessive pa.-ision for 
lyatematizing. The science of sociology is the geueriilization 
of the concrete phenomena of society, as recorded in histoiy ; 
and, in the widest sense, the laws of sociology are the laws 
of history. And, travelling back to the other end of the 
leriea, a similar criticism must be made upon astronomy. 
This science is an application of molar physics (and Idtterly, 
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in some decree, of molecular physics and chemistiy] to the 
concrete phenomcnn presented by the heavenly bodies The 
nniveraal law of gravitation is indeed ao abstract law; 
it formulates a property of bodies. But it holds good ol 
terrestrial as well as of celestial phenomena : and its applica- 
tion to either class of phenomena, in their actual compli- 
cations, constitutes a concrete science. 

These are the considerations which irretrievably demolish 
the Comtean classification, considered as an expression of the 
true relations between the sctencea It appears that Comte 
has intermingled three abstract sciences, — mathematics, 
physics, and chemistry,— with three concrete scieuces, — 
astronomy, biology, and sociology. He was led into this 
confusion by confounding the general with the abstract. But, 
as Mr. Spencer has pointed out, the-se terms have different 
meanings. "Abstractness means detachment from the incidents 
of particular cases ; generality means maniftstation in 
numerous cases. On the one hand the essential nature of 
some phenomenon is considered, apart from the pheno- 
mena which disguise it. On the other hand, the frequency 
of recurrence of the phenomenon, with or without various 
disguising phenomena, is the thing considered. An abstr^t 
truth is rarely if ever lealiied to perception in any one case 
of which it is asserted. A general truth may be realized to 
perception in all of the cases of which it is asserted. . . . 
In other words, a general truth colligates a number of piarti- 
cular truths ; while an abstract truth colligates no particolai 
truths, bat formulates a truth which certain phenomena all 
iitvolre, though it may be actually seen in none i^ them." * 

Kow there can be no question that if we were to snbsdnite 
the words jtnerai and apteitd for the words olofnwf aod 
t!mer«U, in the Conttean eUssiGcaitioo, that cUssificatioa 
mnld cxpfess^ to a ootain extent, a tnte distinction. Nc 
ioabl ebemiatij and biokgy are genera] aeiences, whiM 
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nuBeralogy, zoologj- and botany are more or Jess special 
sciences. But the distinction between abstract and concrete 
is by far the dee].icr distinction, and because tlie Comtean 
classification incorrectly formulates it, there is no alternative 
bat to regard that classilicatiuii as incutably faulty. 

The above criticism, however, supplies ns with materials 
for making a better one. As the case now stands, we have 
three abstract sciences, — mathematics, physics, and chemistry. 
Yet a distinction in degree of abstractness arises between 
mathematics and the other two. All three were origiaolly 
obtained by generalization from concrete phenomena. All 
mathematical analysis starts from numeration, as all geometry 
starts from measuring. Nevertheless, mathematics haa 
utterly outgrown the processes of concrete observation, and 
ia a purely deductive science, dealing merely with number 
and figure, or what may be called the blank forms of pheno- 
mena. It thus becomes more nearly allied to logic than to 
the physical sciences ; and indeed the chief difference 
between the two is that logic deals with qualitative telationa 
only, while mathematics deals with relations that are quanti- 
tativa On the other hand, molar physics, molecular physics, 
and chemistry, dealing with abstract laws of motion and 
force that are gained from experience of concrete phenomena, 
and appealing at every step to the concrete processes of 
observation and experiment, may be distinguished as abstract- 
concrete sciences. These sciences analyze concrete pheno- 
mena, in order to formulate the working of tbeii factors. 
"In every case it is the aim to decompose the phenomenon, 
and formulate its components apart from oue another; oi 
some two or three apart from the rest," The problem is tt 
ascertain the laws of molar motion, or molecular vibration, 
or atomic rearrangement, not as these laws are actually realized 
to perception in any concrete example, "but as they would be 
diaplayed in the absence of those minute interferences which 
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cannot fee altogether avoided." Converstly, when we come 
to the concrete sciences, — astronomy, geology, biology, psy- 
chology, aud sociology,— our business is no longer analysis 
but synthesis. "Not to formulate the factora of phenomena 
is now the object; but to formulate the phenomena resulting 
from these factors under the various couditioiis which the 
Universe presents." 

Thus we have distinguished three ordeis of sciences, — the 
abstract, the abstiact-conciBte, and the concrete. Our task 
is next to arrange the concrete sciences in some convenient 
and justifiable order. Mr. Spencer has oonetmcted 
elaborate tableau of these sdeuces, which is at once elegant 
and accurate, but which, for ordinary purposes, may profit- 
ably be abridged and condciised. Our principle of abridgment 
shall be a simple one. Since, in the concrete sciences, our 
object is to interpret the various orders of phenomena syn- 
thetically, as actually manifested throughout that portion of 
the universe which is accessible to our researches, — we cannot 
do better than arrange these sciences in the onler in which 
their subject- phenomena have begun to be manifested in the 
course of universal Evolution.* First in order come the 
astronomical phenomena presented by the genesis of the 
solar system from a cooling and conti'ucting mass of vapour, 
and the resulting rotatory motions of its members. Next 
come the geological phenomena presented by each cooling 
and contracting planet, but completely accessible to us only 
in the case of the earth. With the origin of life upon the earth, 
already considerably advanced in its development, bioli^ical 
phenomena begin to be presented. Still later, with the 
appearance of animals possessing com para lively complex 
ner^'ons systems, begin the phenomena of consciousness, con- 
ftitoting the subject-matter of psychology. Finally, with 
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the advent of creatures sufficiently intelligent to congregate 
for mutual assistance in peraianent family- groups, and by 
the aid of language to transmit their oi-gauized experience 
trom generation to generation, there begin the phenomena ol 
sociolo;^. 

The logical correctness of this threefold division of the 
sciences is shown by the fact that the several sciences which 
we have arranged together in each group cohere strongly 
among themselves, while they do not strongly cohere with 
lie sciences arranged in either of the otiier groups. The 
concrete sciences, for example, all agree in having for their 
Bobject- matter the study of the aggregates of sensible exist- 
ences, or of the relations and forces which sensible existences 
manifest in the state of aggregation. Sidereal Astronomy 
deals with stellar aggregates scattered through space just as 
we find them. " Planetary Astronomy, cutting out of this 
sJl-including aggregate that relatively minute part constitute 
ing the solar system, deals with this as a whole." Out of 
the number of aggregates which make up the whole with 
which planetary astronomy thus deals, Geology selects the one 
most easily accessibht, and studies that one in detail Again, 
among the many rearrangements of matter and motion which 
go on upon the earth's surface, there are found a number of 
small aggregates which Biology distinguishes as vital, and 
accordingly selects as constituting its owu special subject- 
matter. Among the many funclions which, taken together, 
make up the life of these organic aggregates, there are sundry 
"specialized aggregates of functions which adjust the actions 
>f organisms to the complex activities surrounding them" ; 
and these specialized aggregates of functions form the sub- 
iect-mattu. of Psychology. Lastly Sociology " considers each 
Jibe and nation as an aggregate presenting multitudinous 
phenomena, simultaneous and succebsive, that are held 
together as parts of one combination." So that, from first to 
ta.'it, the object of the concrete acieuces is to describe the 
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histoiy and formulate the modes of action of actually 
ing aggregates, from the time when they begin to exist u 
aggregates down to the time when they cease to exist ai 
aggregates. • 

It is qnite otherwise with the abstract-concrete scienoea. 
By all these sciences, actually existing aggregates are im- 
plicitly ignored ; " and a property, or a connected set of pro- 
perties, exdnsively occupies attention." It matters not to 
Molar Physics " whether the moving mass it considers is a 
planet or molecule, a dead stick thrown into the liver or the 
living dog that leaps after it : in any case the curve described 
by the moving mass conforms to the same lawsw" So when 
Molecular Physics investigates ''the relation between the 
changing bulk of matter and the changing quantity of mole- 
cular motion it contains," constant account is taken of con- 
nected sets of properties, but no account whatever is taken of 
particular acrgregates of matter. The conclusions reached 
apply equally to Chimborazo and to a tea-kettle, to the 
solidification of the earth's crust and to the cracking of a 
pipe by frozen water. Similarly in Chemistry, while " ascer- 
taining the atlinities and atomic equivalence of carbon, the 
chemist has nothing to do with any aggregate. He deals 
with carbon in the abstract, as something consider^l apart 
from quantity, form, or appearance, or temporary state of 
combination ; and conceives it as the possessor of powers or 
properties, whence the special phenomena he describes result; 
the ascertaining of all these powers or properties being his 
wle aim." So that, from first to last^ the otject of the 
abstractrconcrete sciences is to give an account " of some 
order of prof-frtus, general or special ; not caring about the 
other traits of an aggregate displaying them, and not reoog- 
nizing aggregates at all further than is implied by discussion 
of the particular order of prv^penies." 

Finallv, the abstract sciences deal soIe:v wi:h rt^aimmi 
tmong aggregates or among pr\>perties^ or with the idauons 
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betweeo aggregates and properties, or mth relations aiiong 
relations; but take no further account of aggregates or of 
► properties than ia implied in tlie discussion of a particular 
order of relations. For example, " the same Lojjical formula 
applies equally well, whether its terms are mnn and their 
deaths, crystals and their planes of cleavage, or letters and 
their sounds. And how entirely Mathematics concerns itself 
with relations, wa see on remembering that it has just the 
same expression for the characters of an iufinitesimal tri- 
angle, as for those of the triangle which h^s Sirius for its 
apex and the diameter of the earth's orbit for its hasa" ' 

Since then, "these three groups of sciences are, respec- 
tively, accounts of aijgregates, accounts of propertUB, accounts 
of TclaiioTis, it is manifest that the divisions between them 
are not simply perfectly clear, but that the chasms between 
them are absolute." Thus we arrive at the following 
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It remains to add that each of the five concrete sciencuf 
may, for the purposes of our philosophic synthesis, be advan- 
tageously regarded as consisting of two portions. In the 
first place, we have Astronomy — in the time-honoured sense 
of the word—which deals with the motions of stellar and 
planetary masses in their present state of moving equili- 
brium ; and Astrogeny, as it is now frequently termed, which 
seeks to ascertain the genesis of these masses and of their 
motions. 

Geology admits of a similar division. The general laws of 
the redistribution of gases and liquids over the earth's sur- 
face, which we commonly call meteorology, and the general 
laws of the formation of solid compounds, which we call 
mineralogy, unite to furnish us with a general doctrine of the 
massive and molecular motions going on at any given epoch 
and under any given geographic condition of the earth's sur- 
face. But geology has another clearly-defined province ; 
which is to formulate the general order of sequence among 
terrestrial epochs ; to ascertain the genesis of the various 
molar and molecular redistributions going on at any given 
period, by regarding them as consequent upon the relations 
between a cooling rotating spheroid and a neighbouring sun 
which imparts to it thermal, luminous, and actinic undula- 
tions. This part of the science is already currently known 
as Geogeny. And here we touch upon the essential point of 
difierence between geology and astronomy, regarded as 
sciences of development, which it seems to me that M. 
Wyroubolf, in his interesting essay upon this subject, has 
quite lost &ight ol Both astrogeny and gei>geny are oon- 
cemed with the phenomena presented by a cooling and con* 
tracting body, of the figure known as a spheroid of rotation. 
In the one case this body is the sun, which once more than 
filled the orbit of Neptune ; in the other ca>^e it is the earth, 
which at first more than filled the moou^s orbit But together 
with this point of community between the two science^ theit 
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is a fundamental difference between them. While astrogeny 
contemplates the contmcting spheroid chiefly as a generator 
of other spheroids, which are from time to time formed from 
its equatorial belt, detached as often as the centrifugal force 
at its equator begins to exceed the force of gravitation at the 
same, place ; on the other hand, geogeny contemplates the 
contracting spheroid only with reference to the redistributions 
of matter and motion going on within itself, and partly con- 
sequent upon its cooling. Partly consequent, I say, for there 
is one further point of difference between the two sciences. 
Astrogeny contemplates its spheroid as a radiator of heat, 
bat neglects, as not affecting its own peculiar yroblema, the 
heat which the spheroid may receive by radiation from other 
masses. But geogeny not only studies its spheroid as w 
radiator of heat, but includes, as of the highpst importance, 
the heat which it receives from an external source. 

In Biology al&o the twofold point of view is obvious, 
■ccordiog as we study structures and functions in mobile 
equilibrium at any particular epoch, or on the other hand the 
process of adaptation which structures and functions undergo 
as the conditions of exist-ence chnnge from epoch to epoch. 
The first of these studies gives rise to the sciences of anatomy 
and physiology, as well es to the subsidiary science of patho- 
logy. On the other hand Biogeny comprises embryology, 
morphology, and questions relating to, the origin of species. 
Psychology too admits of a similar division, into the depart- 
ment which embraces the laws of association, as generalized 
by James Mill and further illustrated by Mr, Bain; and 
Peychogeny, which endeavours to interpret the genesis «l 
intellectual faculties and emotional feelings in the race, 
and their alow modifications throughout countless gene- 
rations. 

Finally in Sociology this principle of twofold division is 
80 manifest that for the past thirty years the distinction has 
been currently, though too vaguely, drawn between " social 
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ttatics ** and ** social dynamica.** Obvioasly we maj eithei 
study the phenomena arising from social aggregation, as they 
are manifested nnder any given set of conditions ; or we may 
study the phenomena of progress manifested in the relationa 
of each epoch to preceding and succeeding epochs. In the 
first case, we have the sub-sciences of political economyy 
ethics, jurisprudence, etc ; in the second case we b«ve 
Sociogeny, or the so-called "science of history.** 

In each of the five concrete sciences, therefore, there is a 
sub-science which deals with the genesis or evolution of the 
phenomena which form the subject-matter of the science ; 
and it is with*these sciences of genesis that we shall chiefly 
be concerned throughout the second part of this work. It is 
of little consequence, however, whether the symmetrical 
nomenclature here used be adopted or not Excessive sym- 
metry in naming is a mark of pedantry rather than of aeon- 
racy; and questions of terminology become important only 
when diflerenoes of opinion are involved. In reasoning aboot 
the Test of Truth, it makes a great difference whether we uae 
the term " incredible " or the term " inconceivable." In the 
present discussion, it makes a great ditTerence whether we 
speak of biology as an " abstract " or as a " concrete " science. 
But provided we bear in mind the twofold character of tlie 
problems which it is the office of biolo-zy to solve, it makes 
little difterence whether or not we eaiploy such a term aa 
"biogeiiy"; and such expressions will be used, in the 
present work, only when it is desirable to avoid tediona 
circumlocution. 

If now we proceed to inquire whether our revised dasaifi- 
^ation can be made to afford us a bird's-eye view of the 
historic profjrescion of the respecrive sciences, we shall find 
that it cannot be made to do sa The clakssific^ttioo has beea 
made open pureV logical grounds : and no attempt has bea 
Qiade to express the order of historic pK^nMsion. *^P^ 
avcause, aa I have already ahown, thas order caaDoc he mm 
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pressed by any linear series. If we were to represent the 
respective rates of progress in the different sciences by a 
device familiar to statisticians ; denoting the sciences by a 
Bcriea of curves, starting from the same point, and constructed 
with reference to a common abscissa ; miirking off the abscissa 
into equal sections and sub-sections answering to centuries 
and decades; and expressing the progress of each science at 
eaeb decade by the length of the ordinate erected at the cor- 
responding sub-section ; we should see these cnrves from first 
to last intersecting each other in the most complicated and 
apparently capricious manner. Probably the only couppi- 
caously persistent relation would be that between tlie entire 
set of curves representing the concrete organic sciences, and 
all the rest of the curves taken together; of wliich two sets 
the former would, on the whole, have the shorter ordinates. 

But on sufficiently close inspection, we should detect, 
between the sets of cur\'G3 representing the abstract, the 
abstract- concrete, and the concrete sciences, a relation equally 
constant, and fur more interesting, though less conspicuous. 
We should observe that all along the progress of the concrete 
sciences has determined that of the abstract- concrete and 
abstract sciences, and has been determined by it; that, from 
first to last, synthesis and analysis have gone hand in hand. 
Such has been the complex order of progression. Men have 
begun by grouping concrete phenomena empirically. When 
the groups have become wide enough to allow the disclosure 
of some mode of force uniformly manifested in them, the 
operations of this force have begun to be experimentally or 
deductively studied, all disturbing conditions being as far 
as possible eliminated or left out of the account ; and thus 
have arisen the analytic or abstract-concrete sciences. And 
finally, as fast as the laws of the various manifestations o( 
force have been generalized, the synthetical interpretation of 
phenomena has advanced by the aid of the knowledge of 
these laws. Ai Mi. Spencei well e-tpressei ib: "there hu 
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all along been liij^her specialization, that there might be a 
larger generalization ; and a 'Jeepcr analysis, that there migfat 
be a better synthesis. Ea^h larger generalization has lifted 
sundry specializations still higher; and each better syuthesia 
has prepared the way for still deeper analysis." Long before 
Archimedes founded statics, the earliest branch of abstract- 
concrete science, empirical generalizations had been made in 
everyoneof the concrete sciences. Astronomy bad accomplished 
the preliminary task of classifying stars according to theii 
times of rising and setting, nf tracing the apparent courses of 
the planets, of determining the order of recurrence of lunar 
eclipaea, and of constructing chronological cycles. In geo- 
logy some scanty progress had been made, in classifying the 
physical features of the earth's surface, and in ascertaining 
the properties of a limited number of minerals. In biol(^, 
classification had been carried sufficiently far to enable an 
acute observer, like Aristotle, to distinguish between the 
selachians, or shark-tribe, and the bony fishes ; and a con- 
siderable amount of anatomical and physiological know, 
ledge had been acquired, as rnay be seen in the works of 
Hippnkrates. Even in psychology there had been made 
a crude classification ol' tlie intellectual and emotional func- 
tions ; and the " Politics " of Aristotle show us the statical 
division of sociology already empirically organized. To 
such a point had the synthetic concrete sciences arrived in 
antiquity ; and this point they did not pass until the analytic 
abstract^concrete sciences had furnished them with factors 
with which to work. Astronomy must still remain in the 
empirical stage until molar physics had generalized the 
abstract laws of falling bodies, of the composition of forces, 
and of tangential momentum. Geology could not advance 
until molecular physics had supplied the general principles 
of thermal radiation and conduction, of evaporation and pre- 
cipitation, condensation and rarefaction. Biology was obliged 
to wait until chemistry bad thrown light upon the moleculai 
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constitution of the various tissues and anatomical elements, 
and had furnished the means of explaining synthetically 
such organic processes as digestion and assimilation. But, 
as we have already seen, the obligation has not been all on 
one aide. The services rendered by the analytic to the syn- 
thetic sciences have been all along repaid by services no less 
essential. Thus the great priociple of molar physics — the 
law of gravitation— could not be generalized from terrestrifl! 
phenomena alone, but had to watt until astronomic observa- 
tions had revealed the true forma of the planetary orbits and 
the rates of their velocities. Thus molecular physics has 
received important hints from mineralogy, the properties of 
crystals having rendered indispeusable aid in the discoveries 
of polarization and double refraction, and therefore in the final 
verification of the undulutor}' theory. And thus also in latp 
years the researches of Duraa-^, Laurent, Gerhardt, and Wil- 
liamson on the structure of oi^anic molecules have reacted 
upon the whole domain of inorganic chemistry, regenerating 
the doctrine of types, supplying the fundamental conceptions 
of atomicity and quanti valence, replacing the dualistic tlieory 
of Berzelius by the theory of saturation and substitution, and 
inaugurating a radical revolution in chemical nomenclature. 
I may note in passing that this great revolution, which haa 
rendered the science of only half-a-peneration ago com- 
pletely antiquated, and has obliged so many of us to unlearn 
the chemistry which we learned at college, furnishes a crucJa! 
disproof of the Comtean theory of the way in which a 
scientific revolution should occur. We see that the chemistry 
of inorganir bodies was not placed upon its true foundation 
until the study of organic chemistry had supplied tfl the 
whole science its fundamental principles ; in spite of Comte, 
who always scouted at oi^nic chemistry as an illegitimate 
Bcience, and predicted the speedy extension of the dualiatJc 
theory to organic compounds. 

Space permittiog, I might go on and point out more 
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minutely how the allied aciences in ench grand division have 
continually reacted upon each ot!ierj how aynlhesis has 
direcUy aided synthesis, and how analysis haa directly aided 
analysis ; how tlie analytic and the simpler synthetic sciences 
have from time to time furnished new hints to muthematics ; 
and how all the other sciences, in all the divisions, from 
mathematics to sociology, have aided the progress of logic, 
supplyinj; it with new methods of investigation and fresh 
canons of proof. But such a detailed survey is not needful 
for the purposes of this work. Let ns rattier return for a 
moment to onr criticism of Conite, and, having already 
examined his organization of the sciences both from the 
historical and from the logical point of view, let ns endeavour 
to render an impartial verdict as to the philosophic value of 
his achievement. 

If tried by its conformity to the ideal standard of perfec- 
tion furnished by the scientific and philosophical knowledge 
of the present day, the Comlean class! ti cation of the scieucea 
mnst undoubtedly be pronounced, in nearly all essential 
rcapecls, a failure. Ah a representation of the historic order 
of progression among the dill'ereut aciences, it must be 
regarded as the imperfect expression of un inadequately 
comprehended set of truths. We have seen that this order 
of progi-ession depends upon at least five intei-acting factors ; 
upon the simplicity, the concreteness, the conspicuousness. 
Rod the frequency of the phenomena investigated, and upon 
the comparative number and perfection of the implements of 
investigation. Of these five factors, the Comtean series takes 
into account only the first, or at the utmost only the first and 
the last. For tliis reason it unduly simplifies the order ol 
progiession. Doubtless it is coiTcct to say that, other things 
equal, the simpler and more general phenomena have been 
interpreted earlier than the more complex and special 
pbenomciui ; hut the other things have not been equal. And 
consequeiitlf scientific evolution has not proieedjd uaitormlj 
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to ft Btraight line, but rhj'thmicaUj'', in a ploxus of curved 
lines. 

As R representation of the logical order of subordination 
among tlie different sciences, tlie Oomtenn series is etjually 
faulty. While it correctly formulatea sundry of tlie minor 
relations of depend (siice, us well as one relation of great im- 
portance, — that of the dependence of orgnnic upon inorgaiic 
science, — it incorrectly formulates the grand distinction of 
all, — the distinction between abstract and concrete, between 
analytic and synthetic, science. It mixes togetlier sciences 
formed by the analysis and synthesis of concrete jibL-iio- 
mena, and a science which ia purely abstract. It strives to 
represent, by a linear seiies, relations which are bo complex 
that they can be adequately represented only in space of 
three dimensions. 

It is therefore indisputable that the Cnmtean classification, 
viewed absolutely, is a failure. The advance of science has 
refuted instead of confirming it. It has become rntlier an 
encumbrance than a help to the nnderstanding of the true 
relations among the sciences. Shall we then, wiih I'rol 
Huxley, say that the classiliciition, and with it lhe whole 
Comtean philosophy of science, is "absolutely woithiess !"' 
I think not. We might say as much of Oken or Hegol, but 
hardly of Stewart or Ampfere ; far less of Cunita Mr. 
Spencer speaks more justly of Ills great antflgonist when he 
Ha^B : " Let it by no means be supposed from all 1 liave said, 
that I do not regard M. Conite's speculations as of givat 
ralue. True or untrue, his system os a whole has duubduss 
jroduccd important and aaUilary revoIutioTis of tliuughi in 
muuy minds; and will doubtless do so in n;aiiy uiorei 
Doubtless, too, not a few of tluse who dissi'iit Imni hia 
general vii;W3 have been healthlully stimulated by ilje coo- 
uderation ol" thcoi. Tlie jmsnUotion, of seimtijic huiwUilgt 
and mel/iod as a whole, whellierri'jh'.lj or wi-onjli/ viM'dnmUd, 
* Huxicf Ixtij Sermotu, p. 17L 
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tannfit have faUid tp-raUy to xoiden tht conceptions of fiwst oj 
his Traders. And he lias done especial service by familiarii- 
jug men wilh tlie idcii of a Gixial Bcience based on the other 
sciences. Beyond which benefits resulting from the general 
character and scope of his philosophy, I believe that there 
are scattered through his pages many large ideas that are 
valuable not only as stimuli, but for their actual truth." 

This passage comes so near to appreciating Comte'a true 
philosophic position, that one is surprised to find Mr. Spencer, 
after all, stating that position inadequately. Though he sees 
clearly tliat, whether rightly or wrongly coordinated, the 
presentation of scientific knowledge and method as a whole, 
must greatly have widened people's conceptions ; he does not 
explicitly recognize that this presentation of scientific 
knowledge and metliod as a whole was, in spit« of the wrong 
coortlmation, a step sufficient of itself to change and renovate 
the entire altitude of philosophy. He tells us that persons 
like Prof. Huxley, Prof. Tynilall, and himself, stand sub- 
stantially in the same position in which they would have 
stood had Comte never written; that, "declining his re- 
organization of scientific doctrine, they possess this scientific 
doctrine in its pre-existing statft, as the common heritage 
bequeathed by the past to the present." And elsewhere he 
tells us that Comte " designated by the term ' Positive 
Philosophy ' all that definitely-established knowledge which 
men of science have been gradually organizing into a coherent 
body of doctrine." It seems to me, on the other hand, that 
the coherent body of doctrine was the very thing which no 
scientific thinker had ever so much as attempted to construct, 
though Bacon, no doubt, foresaw the necessity of some such 
construction. M. Littrg may well inquire what is meant by 
the great scientific minds whose traditions Comte is said, to 
have followed, "Does it mean the philosophers? Why 
(hey have one and all belonged to theology or metaphysics. 
Mid it is not their tradition which Couite has followed. Doei 
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it mean thnae who have illustrated particular sciences ? Well, 
siiice tliey hWe uot pliilosopliized, Corate can hardly have 
received his philosophy from them. That which is recent in 
the Positive Philosopliy, that which is Comte's invention, ia 
the conception and construction of a philosophy, by drawing 
from particnlai Gciences, and from the teaching of great 
scientific minds, such groups of truths a£ could he coordinated 
on the positive method.'* 

That the mode in which Comte efTected this coordination 
was inipi^rfect, may affect our estimate of the amount of his 
achievements, hut it cannot aflect our estimate of their 
character. The former is a merely personal question, in- 
teresting chiefly to disciples ; the latter ia a gener.ii question, 
interesting to all of us who are students of philosophy. For 
the purposes of impartial criticism, tlie great point is, not 
that the attempt was a complete success, but that the attempt 
was made. Wiien knowledge ia advancing with such giant 
strides as af present, it is hardly possible to construct a 
general doctrine wiiieh forty years of further inquiry and 
criticism will not considerably modify and partially invali- 
date. It is now forty years since Comte framed his philo- 
sophy of science; and during that period there is not a 
single department of knowledge, outside of pure mathematics, 
which has not undergone a veritable revolution. Molecular 
physics has been revolutionized by the discovery of the 
correlation of forces j and the deduction of that principle, as 
well as of the principle of virtual velouities, from the law of 
the persistence of force, has placed molar physics also upon 
a new basis. Chemistry, as we have seen, has undergone 
changes ntarly as sweeping as those brought about by 
Lavoisier; changes which have thoroughly renovated our 
conceptions of the phenomenal constitution of matter. 
Sidereal astronomy has been brought into existence as a 
Miienc« ; and we have learned liow to make a ray of light, 
journeying toward us from the remotest regions of space, 
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ton xu of tlie molecular constitution of the matter from 
which it started. Gtology has been robbed of jts cataclysms. 
and periods of universal extinction; while both astrogeny 
and geogeny have as.?umed a new character through the 
wide extension of the theory of nebular geoesis. Thero is 
not a trutli in biology which has not been ahown up in a 
new light by the victory of the cell-doctrine; the discovery 
of natural selection has entirely remodelled our conceptiuns 
of organic development; and the dynamical theory of stimulus 
has wrought great changes, which are but the bcgiuuing of 
greater changes, in pathology, in hygiene, and in the treat- 
ment of disease. Psychology, in both its hrancijes, has 
received a scientific constitution by the establishment of 
the primary laws of association, and the fundamental law of 
the growth of intelligence. And sociology, both statical and 
dynamical, has undergone changes equally important, as we 
shall see when we come to treat specially of tlmt subject. 
A\) this makes up an aggregate of scientific achievement 
such as the world has never before witnessed in anything 
like an equally short interval So enormous is the accumu- 
lated effet't of all these discoveries upon the genei-al habits 
of thouglit, that the men of the present day who have fully 
kept pace with the scientific movement, are separated from 
the men whose education ended in 1830, by an immeaaurably 
wider gulf than has ever before divided one progressive 
generation of men from their predecessors. And when we 
add that both tlie history of science and the general principles 
upon which discoveries are made have been, during this 
interval and largely through the impulse given by Comte 
himself, rnoi-e thoroughly studied than ever belore, — we may 
legin to realize how far the resources which we possess for 
constnicting a synthesis of the sciences, exceed the resonrcis 
which were at his disposal. We shall realize that Comto — 
tt least where physical science is concerned — has come to be 
almost an ancient ; and we shall see that there may easily b* 




ligaatice in criticizing him as if he were a coDteaiporary. 
We shall Hnd the Itgitiiiiate grouud for wonder to be, not 
that he did so little, but that he did so much. And ceitimating 
him, as we estiuiate B:icou, from a purely historical jioint of 
view, we shall feel obliged to admit that the grand character- 
istic of the modern movement in philosophy — the continuous 
organisation of scientific truths into a coheri:nt body of 
doctrine — found ia Comte its earliest, though by no means 
aa adequate, expont^nt. Previous to him, as M. Littr6 ia 
right in reminding us, the field of general speculation 
belonged to metaphysics or theology, while science dealt only 
with specialities. It was owing to an impulse of which 
Comte is the earliest representative, that the tables were 
tamed. The field of general speculation is now the property 
of science, while metaphysics and theology are presented as 
particular transitory phases of human tliou^ht,^ Whatever, 
therefore, may be the case with Mr, Spencer — whose entire 
originality cannot for a moment be questioned — it is not true 
of the great body of scientific thinkers, that they stand in 
essentially the same position in which they would have 
stood had Comte never written. The course of speculative 
inquiry during the past forty years would no more have been 
what it is, without Comte, than the course of speculative 
inquiry during the past two centuries would have been 
what it is, without Bacon, And, indeed, in Mr. Spencer s 
own case, — as he is himself disposed to admit, — there are 
several instances In which his very antagonism to Cointe has 
led him to staie certain important truths more clearly and 
more definitely than he would otherwise have been likely to 
state them. The theory of deanthropomorphization, set forth 
in the preceding chapter, was presented in a much more 
vivid light than would have been possible had it not been 
reached through an adverse criticism of the Comtean doctrine 
if tha "Three Stages." The condemnation of Atheisio 
> littp, A>iga4te Comte, p. N, 
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involved in oar statemeut of tfaat theory, is redoubled in 
empliasis when Positivism is by tbe same reasoning con- 
demned; and our dissent from Hume is all the more strongly 
accented, when it is seen to be so complete as to include 
dissent from Comte also. So, too, the conclusions reached 
in the present chapter concemiug the oi^auization of tha 
sciences are undeniably far more precise and satisfactoiy 
than they would have been if presented without reference 
to the earlier and necessarily cruder views of Corate. Indeed, 
iu the very sense of incompleteness whicli would justly have 
attached itself to our exposition, had no mention been made 
of the Comtean theory, we may find fresh illustration of 
tlic fact that the errors of great minds are often do less 
instructive than the permanent truths wliich they have 
succeeded in detecting. And consequently, so far from 
decrying the Positive Philosophy or seeking to ignore it, we 
shall much better fulfil our duty as critics if we frankly 
iiclinowlcdge that the speculative progress of the nineteenth 
century would have been incomplete without it. Holding 
these views, and for these reasons, we may freely admit the 
justice of much tliat Prof. Huxley urges against Comte; 
that his rejection of psychology was un philosophical, and 
his acceptance of phrenology ])uerile ; that his acquaintance 
with science was bookish and unpractical, and that his 
efforts to found a social polity were the very madness of 
Utopian speculation. Had he committed twice as many snch 
blunders, his general conception of philosophy and his con- 
tributions to the logic of science would have remained 
substantially unaffected in valua Had Bacon enrolled him- 
self among the followers of Copernicus instead of adhering 
to the exploded theories of Ptolemaios, thr.t fact would not 
by itself affect our estimate of the value of the "Novum 
Organon," And Comte's philosophic position, as I have 
here sought to define it, is no more shaken by his nnmerona 
Ecientifio blunders than Bacon's positiou is shaken 
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Bict that he repudiated the Copemican astronomy and lefuaod 
to profit by the physical discoveries of Gilbert. 

But the allusion to the Logic of Science may here serve to 
remind ua that, before we can thorougtily understand Cerate's 
general conception of pliilosophy, there ia another ptint of 
view from which liis system of the sciences must be 
criticized; a point of view too little dwelt upon by Mr. 
Spencer, since by the due consideration of it we shall arrive 
at the deepest of the differences between the Comtean 
organization of the sciences and the Spuncurian organization 
wljch is here adopted. In order fairly to bring out tliis 
point, let UB devote a chapter to considering the masterly 
enumeration of scientific methods, and the survey of the 
resonrcee which the mind has at its disposal for the in- 
vestigation of pheuomena, which Comte has made a part of 
bis general philosophy of the sciences ; withholding, until 
the Bequel, the application which ia to be made of the 
diBcussioo. 



CHAPTEB IX 



PHUOSOPHT AS AN ORGANOV. 



Thk absence of Logic, as a distinct science, fron. the Ccmteas 
classification, has by most critics been rightly regarded as a 
serious defect Nevertheless, before we can intelligently find 
fault with Comte, we must make sure that we understand 
his grounds for assigning to Logic no independent positioiL 
The explanation is more deeply implicated with his funda- 
mental conception of the Scope of Philosophy than has 
generally been suspected^ But let us begin by considering 
the more obvious aspects of the case. 

The science of logic consists of two portions, — ^the doctrine 
of the syllogism, and the general theory of induction, the 
latter comprising a codification on the one hand of the 
methods of research, and on the other hand of the laws of 
evidence. But this twofold province of logic can hardly be 
said to have been clearly indicated until the publication of 
Mr. MilFs treatise. From the days of Aristotle down to the 
time when Comte wrote the •' Philosophic Positive," the logic 
officially recognized and taught as such consisted almost 
exclusively of the doctrine of the syllogism. Besides this 
there was nothing save the Baconian logic, containing indeed 
many valuable hints for inquirers, but net organized into a 
^herent systenu Now Comte held in small esteem the 
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^tlogistic logic. He held, nnd justly, that sometliing besides 
the scholastic quibbling over Baroca, Cainestres and Barhara, 
was needed in prosecuting the search after new truths. To 
attempt, by prolonged dealing in these dialectic subtleties, to 
acquire the art of correct reasoaing, waa, in his opinion, 
much like trying to learn the art of correct speaking by pro- 
longed study of the rules of grammar. Men do not learn to 
Bwim, to fence, or to hunt, by leading elaborate treatises on 
gymnustics and sportamanship. The study of rhetoric, how- 
ever thorongh, careful and systematic, will never of itself 
enable ns to write a clear and forcible style. We may know 
all the commandments of ethics by heart, and be able to 
utter the soundest judgment upon the comparative merits of 
the utilitarian and the intuitional theories, and yet be unable 
to lead upright lives. And similarly we may go on stringing 
together majors and minors untQ we are grey, and yet after 
all be unable to make an accurate observation, or perform a 
legitimate induction. Therefore, according to Comte, logic is 
not so much a science ae an art, indispensable in the prose- 
cution of all the sciences, but to be learned only by practice. 
As philosophy, regarded as a general conception of the 
universe, has hitherto, like the mistletoe, bad its roots in the 
air, but has now been brought down and securely planted in 
the fertile soil of scientific knowledge, so let us no longer 
permit logic to remain in isolation, feeding upon airy nothings, 
but let us bring it down and nourish it with scienti^c 
methods. As we learn to live rightly, not by dogmatic in- 
struction, but by the assiduous practice of right living, as we 
learn to speak properly and to write forcibly by practice and 
not by theory, so let us gain control of the various instru- 
ments for investigating Nature by the study of the several 
sciences in which those instruments come into pl^y. To 
become skilful in the use of deduction, let us study mathe- 
matics, especially in its direct applications to the solution of 
piohleuis in astniuomy and phytiics. If we would becuuie 
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accui'ate observers, and would enaWe ourselves properly to 
estimate tho value of experlmeDtal reasouing, let ns study 
those inductive sciences wliich exhibit practically tha 
essential requisites uf an accurate observation or a concla- 
sive experiment. Kvea so, if we would attain literary ex- 
cellence, let us not fritter away our time in puerile atlemptB 
to imitate tbe favourite modes of expression of admired 
writers, but let us rather aim at directly expressing the 
UiougUts that are in us, the result of our own observatioD 
and reflection, admitting uo phrase which does not assist the 
exposition of the thought If, as Buffon said, the style ia " 
the man, so also is the habit of thinking the man, save that 
in the one case as in the other, if it possess any merit, it is 
the man as modiiied and cultivated by a complex ititercoune 
with phenomena. 

Such is Couite's opinion of logic, — an opinion common 
enough et the present day, but sufficiently novel to be 
revolutionaiy forty years ago. That the above views are in 
the main perfectly sound will now be questioned by no one, 
nor can it be doubted that they are of the higliest importance. 
When put into practical operation, they are destined to work 
changes of fundamental importance in our methods of educa- 
tion. Nevertheless, tJiough sound enough as far as they go, 
these argunientii are far from exhibiting the whole truth. 
Admitting unreservedly that, to become proficient in obser- 
vation and reasoning, we must learn logic, as we learn 
grammar and rhetoric, by practical experience ; it must still 
be maintained that there is need of a general doctrine oi 
logic, as indeed there is also need of a general doctrine of 
grammar and rhetoric. Thougli a man may write an excel- 
lent Btyle without having studied rhetoric systematically, 
yet it will be no injury, but rather an important help to him 
to understand theoretically the general principles on which 
a Ecnlente should bo constructed. In the line arts, which 
afford an excellent test forjudging thia pointj the superiority 
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imparted by systematic instruction is quite incon testable. 
Doubtless it is by long-continued practice tbat men learn to 
paint pictures, to mould statues, and to compose oratorios or 
sympbonies. But it is none tbe less probable that Jrozart 
and Beethoven would have accomplished comparatively little 
without the profound study of harmony; and in paintin;* 
and sculpture the "originality of untaught geniuses" is, not 
unjustly, made a subject for sarcasm. It is therefore useless 
for Macaulay to remind us that men reasoned correctly long 
before Bacon had drawn up his elaborate canons of induc- 
tion ; or for Comte to appeal to rhetoric, grammar, and 
esthetic art in support of tbe opinion thut we need no 
general doctrine of logic. 

To take a concrete example, — if, aa in Borda's experiment, 
you make a simple pendulum oscillate thirty hours in an 
exhausted receiver, by diminishhig tbe friction at the point 
of support, and proceed to infer that with the total abolition 
of friction and atmospheric resistance the pendulum would 
oscillate for ever, it may not be essential to tbe validity of 
your inference that yoxi should understand the character of 
the particular Ioj;ica! method which you are employing. 
Nevertheless it cannot but be of advantage to you to know 
that you are using tbe " method of concomitant variations," 
and to understand on general principles the conditions under 
which this method may be employed and the precautions 
required in order to make it valid. For want of auch general 
knowledge of method, even trained physicists not unfre- 
quently make grave errors of inference, applying some 
powerful implement of research in cases where interfering 
circumstances, not sufiicienfly taken into account, render it 
powerless. Thus the method just alluded to, of varying the 
cause in order to observe and note the concomitant variations 
of the effect, is a very powerful instrument of induction ; 
but in order to use it effectively, we need to bear in mind 
two things. First, we need to know the quantitative relation 
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between the variation of the cause and that of the eflect; 
and secondly, we need to know that the intermixture of 
circumstances will not, after a certain point, alter the order of 
Oio variations. In the case of the pendiilum, just cited, we 
know both of these points. We know that the only factora 
in the case are the momentum of the pendulnm, acting in 
concert with gravity, the friclion at the point of support, and 
the friction and resistance of the atmosphere ; and as we 
prognssively diminish these latter retjirding factors, we can 
calculate the exact ratio at which the retardation diminishea 
We are therefore perfectly justified in couclnding that if 
the friction and resistance could he utterly abolished, the 
momentum of the pendulum, acting in conceit with gravity, 
would carry it backward and forward for ever. But because 
the abstraction of heat causes the molecules of a body to 
approach eacfa otlier, it is not safe to infer tliat, if all tbe 
heat were abstracted, the molecules would be in complete 
contact. This ia a more or less plausible gue-^s, not a tnie 
induction. "For since we neither know how mnch heat 
there is in any body, nor what is the real distance between 
any two of its particles, we cannot judge wheiher the con- 
traction of the distance does or does not follow the diminu- 
tion of the quantity of heat according to such a numerical 
relation that the two quantities would vanish simulta- 
neously."' In similar wise, from tbe fact that in alcoholic 
intoxication the severity of the narcotic symptoms variea 
acconiing to tbe size of tbe dose, it is not legitimate to infer 
that a very small dose will cause slight narcotic symptoms 
or even a tendency to the production of such symptoms. 
For we can neither ascertain the quantitative ratio between 
tbe variation in the dose and the variation in the narcosie, 
nor in the case of sucb a complex aggregate as the human 
or-'anism can we aaseit tbe absence of intcrferiiiK condition* 
which, after a certain point, will entirely change the ohIbp <rf 
^ UiU, SyUii ^ Uip*t ^^^ editJDii, toL L p. 147. 
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tbe two variations. In point of fact there are atich interfer- 
ing conditions, due portly to the control exercised by the 
Bympathetic norve over the contraction an^ dilatation of the 
cerebral blood-vessels, and partly to other cii-cnmstanrea too 
complicated to be here mentioned. 

Now it is the business of logic to codify, upon abstract 
principlea, the rules of scientific investigation; to determine 
what shall be admitted as trustworthy evidence, and what 
shall not be so admitted ; to point out the class of problems 
which ear.h impleftient of research is best fitted to solve ; 
and to enumerate the precautions which must be taken in 
order to use each implement with skill and success. Logic 
is therefore a science which contribiitea to all the others, and 
to which all the others contribute. Though we may, and 
indeed must, acquire familiarity with its methods by direct 
practice in the study of the various sciences, yet the 
advantage of understanding the genei'al theory of those 
method.i, as a science by itself, cannot well be questioned 
after the foregoing explanation. To become familiar with the 
values of dilTerent kinds of evidence, and with the processes 
by which evidence is procured, a lawyer must pnictise in 
court; yet every lawyer thinks it necessary to master the 
general theory of evidence (is presented in special treatises. 
Logic is to the philosopher and the scientific inquirer what 
the law of evidence is to the lawyer ; and the need for its 
theoretical study rests upon the admitted principle that, in all 
branches of human activity, rational knowledge is better than 
empirical knowledge. In order to be always sure that we are 
generalizing correctly, we must make the generalizing process 
itself ft subject of generalization. 

But although Comte did not dignify logic with the rank of 
an independent science, he more than atoned for the omission 
by bis contributions to the study of logic. Since the era of 
Bacon and Descartes, uo book had appeared containing such 
profound views of scientific method u the " Philosophie 
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Positive." It has since teen surpagsed and superseded in 
many respects by Mr. Mill's "System of Logic;" but Mr. Mill 
would be the first to admit tbat, but for the work of Comte, 
his own work would have been by no means wliat it ia. ' 

Comte's most important innovation consisted in com- 
prehensively aasigning to each class of phenomena ita 
appropriate method of investigation, and in clearly raarkin" 
out the limits within which each method is applicable. It is 
this whifh jjives to the first three volumes of the" Philosophic 
Positive" the character of a general tri'.itise on scientific 
method, and which makes them still interesting and profitable 
reading, even in those chapters on physics, chemistry and 
biology, which in nearly all other respects the recent revolu- 
tions in science have rendered thoroughly antiquated. Comt*: 
intended this portion of his work especially for a new 
Organon of scientific research, which should influence 
edncr.tinnal methods in the future, as well as assist in 
determining the geneial conception of the universe. Fte 
calls attention to the futility of approaching the most com- 
plicated phenomena, such as those of life, individual or 
social, without having previously, by the study of the simpler 
sciences, learned what a law of nature is, what a scientific 
conception is, what is involved in making an accurate observa- 
tion, what is requisite to a sound generalization, what are 
the various means of verifying conclusions obtained by 
deduction. Continually we witness the spectacle of scientifio 
specialists, justly eminent in their own department of research, 
who do not scruple to utter the most childish nopsense upon 
topics with which they are but slightly acquainted. The 
reason is that lliey have learned to think correctly after some 
particular fashion, but know too little of the general principles 
on which thinking should be conducted. In such a con- 
dition — owing to the discredit which the manifest faUuie of 
metaphysics has for the time being cast upon philosophy in 
' This is perhmps too •tronBly sUted. 8e« kUU'a Aittabiograpky, m 
107-818, Sifi. 



I 





OH. IX] PHILOSOPHY AS AN OBQANON. 

general— are too many of our scientific savants of the preseut 
century; whose narrowness of mind, in dealing with 
philosophic questions, Conite was never weary of pointing 
out and tracing to ila true source in the defective mastery of 
logical methods. The cure for this narrowness is to be found 
in a philosophic education which shall ensure familiarity with 
all logical methods hy studying each in connection with that 
order of phenomena with which it is most especially fitted 
to deaL 

According to Comte, the resonrces which the mind has at 
its disposal for the inductive investigation of phenomena are 
three in number, — namely, 01, nervation. Experiment, and 
Comparison. Strictly speaking experiment and comparison 
are only more elaborate modes of observation ; but they are 
nevertheless sufficiently distinct from simple observation to 
make it desirable, for practical purposes, to rauk them as 
separate processes. Concisely stated, the difference ie aa 
follows. In simple observation, we merely collate the 
phenomena, as they are presented to us. In experiment, we 
follow the Baconian rule of artificially varying the circum- 
stances. In comparison, we watch the circumstances as they 
are varied for us on a great scale by Nature, 

Answering to the two processes of observation and ex- 
periment, aa Mr. Mill has shown, there are two inductive 
methods, — the Method of Agreement and the Method of 
Difference. The former compares different instances of a 
phenomenon, to ascertain in what respects they agree, wliile 
the latter compares an instance of the occurrence of a 
phenomenon with an instance of its non-occurrence, to 
ascertain in what respects they differ. To cite from Mr. 
Mill's " System of Logic " a pair of examples : — " "When a 
man is shot through the heart, it is by the method of differ- 
ence we know that it was the gun-shot wliich killed him ; for 
he was in the fulness of life immediately before, all circum- 
■tances being the same except the wound." On the other 
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hasi], in inquiring into the cause of crystallizatit a, w« 
employ the method of agreement as follows. "We coni]>are 
instances in which hodies are known to assume CTyBtalUnr 
Btructure, but which have no other point of agreement ; and 
we find them to have one, and as far as we can obserw^ 
only one, antecedent in common, — the deposition of a solid 
matter from a liqnid state, either a state of fnsion or of 
solution. We conclude, therefore, that the soUdificatioD of ■ 
substance from a liquid state is an invariable antecedent of 
its crystal]] zation." In this paiticalar case we may say that 
it 18 not only the invariable antecedent, but the unconditional 
invariable antecedent, or cause ; since, having detected the 
antecedent, we may produce it artificially, and find that tha 
effect follows it It was thus in Sir James Hall's splendid 
experiment, in which " he produced artificial marble by the 
cooling of its materials from fusion under immense pressure.'* 
And it was thus when Dr. "WollaElon, " by keeping a vial of 
water chafged with siliceoos particles undiatorbed lor yeaz^ 
succeeded in obtaining crystals of quartz." 

Manifestly, however, unless we can artificielly prodnoe the 
antecedent, and bo reason back bam cause to effect, oar 
method of agreement is not exhaastirety oooclusive. Unlen 
we can be sure that the observed antecedent is the onfy one 
common to all the instanoea, the aeqneiioe may turn out to 
be only a derivatiTe seqoeoc^ like ftat of day and la^bX. 
And unless the phenmuena are voy simple, we cannot be 
kUie that the observed conmon anteoedait is the only ooft 
It is otherwise with the method of differeaoe. VbeBever «• 
can bring that method tQ bear span the pheaomena, ita icaaUi 
■re finally oondasi^-e ; since it ia the ivrj eeaenoe of Alt 
BcOod to compare two inrtaBcea vluck an exaetly alikB in 
arciy napeet save in the piasans or ah wea of the 0wvn 
aBtou ad mL Unfartnmlely.mdie i^KntioMflf saten tkM« 
fUilVd. So that tin netbod ot 
• 'ii Mm fortinkdr • BKlkisl «r ntificHl i^^ 
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ment; while that of agreement ia more especially the resource 
employed where experimeotation is impossible." 

Now in astronomy we can employ only simple observation. 
The m^nitude and the inaccessibility of the phenomena 
render it impossible for us to vary the circumstances, so that 
experiment ia out of the question. Nevertheless, here tha 
phenomena are so simple that the method of ngreement alone 
carries us far toward certainty ; and accordingly in astronomy 
the art of observation has been brought to such a pitch of 
perfection, and the conditions of an accurate observation are 
BO thoroughly understood, that it ia here that the use of this 
Implement of induction must be studied. 

In physics, both molar and molecular, and in chemistry, 
the phenomena becoms far more complicated. Yet here we 
become able to vary the phenomena 'almost indefinitely ; and 
accordingly physics and chemistry are the inductive sciences 
par excdience, in which experiment, the great engine of in- 
duction, is employed most successfully, and iu which, there- 
fore, is especially to be studied the proper use of the method 
of difference. 

When we c^ome to biology, we are met by a still greater 
lomplication of phenomena ; hut according to the luminous 
principle, first suggested by Comt«, that in genera! our means 
of investigation increase with the complexity of the pheno- 
mena, we have here an additional weapon of investigation. 
We still retain the ability to experiment; althongh such ia 
the intricacy of the circumstances, and such the subtlety of 
the causes ia operation, that we can seldom apply the potent 
method of difference. We can seldom be sure that the two 
instancea compared agree in everything save in the presence 
or absence of the circumstance we are studying.' In expe- 
rimenting upon live animals, we are liable to cause a patho- 

' A itriking OlaMrHtion of thii tniUi U ftirnuhed by th« controTerey now 
goine Mt roDueniiDg udiibioiiB or " •pobtaueoui ueiiBntioii." Seo below, 
twt iL elup. Tiii. 
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lojjical stale, and set in motion a whole series of phenomena 
which obscure those which we wish to observe. It is instruc- 
tive, and often amusing, to read some treatise on experimental 
phyaiology, like those of Magendie and Claude Bernard, and 
Bee how easy it is for equally careful investigators to arrive 
at totally irreconcilable results. .It is not to be denied that 
experiment is of vast importance in biology, and has already 
achieved wonders. Nevertheless, the practical study of 
experimentation should never be begun in biology, bnt in 
chemistry or physics, where the conditions are simpler. 
Having learned from these sciences the general theory of 
sound experimenting, we may afterward safely proceed to 
apply the same method to vital phenomena. 

The additional implement possessed by the organic sciences 
is comparison, to which corresponds the Method of Concomi- 
tant Variations, already described. It is true we can also 
employ this method to a large extent in the simpler sciences, 
but it is in biology that it attains its maximum efficiency. 
Here we have a series of instances already prepared for us 
by Nature, in which certain antecedents and consequents 
vary together. We Jiave a vast hierarchy of organisms, e.ich 
exhibiting some organ und the corresponding function more or 
less developed thau it is in the others. To trace the functions 
of the nervous system, or to follow the process of digestion, 
in its increasing complication, from the star-fish up to man. 
is to employ the logical method of comparison. And if any 
one wishes to realize the immense power of this method, let 
him reflect upon the revolution which was isTOnght in thu 
science of biology when Lamarck and Cuvitr began the work 
of comparison upon a large scile. 

Hence, it is that biology is eminently the science of classi- 
fication ; and if skill in the use of this powerful auxiliary of 
thonght is to be acquired, it must be sought in the compara- 
tive study of the vegetable and animal kingdoms. Theoretical 
logio may divide and subdivide as much as it lilies ; boJ 
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genera and species are dull aud lifeless things, when contem- 
plated merely in their places upon a loyical chart. To become 
correct reasoners, it is not enough that we .'should know what 
classes and suh-classes are ; we should also be able skilfully 
to make them, I conclude with a citation from Mr. Mill : — 
"Althooyh the scientific arrangements of orgimic nature 
afford as yet the only complete example of the true piiuciples 
of rational classification, whether as to the formation of 
groups or of series, those principles are applicable to all cases 
in which mankiud are called upon to briog the various parts 
of any extensive tiubject into mental coordination. They are 
as much to the point wlien objects are to he classed for 
purposes of art or business, as for those of science. The 
proper arrangement, for example, of a code of laws 
on the same scientific conditions as the classifications in 
natural history ; nor could there be a better preparatory 
discipline for that important function, than the study of the 
principles of a natural arrangement, not only in the abstract, 
but in their actual application to the class of phenomena for 
which they were first elaborated, and which are still the hest 
school for learning their use. Of this, the great authority on 
codification, Eenthara, was perfectly aware ; and hia early 
' Fragment on (jovernment,' the adniiiable introduction to a 
series of writings unequalled in their department, contains 
clear and just views (as far oa they go) on the meaning of a 
natural aiTangement, such as could scarcely have occurred to 
anyone who lived anterior to the age of Linueeus and Beroaid 
de Tussieu."* 

These illustrations will serve to give the reader some idea 
of Comte's brilliant and happy contributions to the logic of 
Bcientific inquiry. I am aware that scanty justice ia done to 
the subject by the condensed aud abridged mode of treat- 
ment fa which I have felt obliged to resort. But an exhaus- 
tive exposition and criticism of the details of the Comtean 
* SgtUza <!/ S^jffic, Sth edit., roL 11 p. £88. 
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philosophy of method does not come witbin the scope of the 
present work. The object of the preceding sketch is to 
eoable the reader to realize the signilicance of Comte's ooiis- 
sion of Logic from the scheme of the sciences. That omia- 
tion, aa we may now see, was due to ikt fact that Gi/mt* 
' merged Philosophy in Logic Or, in other words, from kit 
point of view, Philosophy is not a Synthesis, but an Organon. 
Nowhere in that portion of the " Philosophie Positive " which 
treats of the OT<^anization of the scieuces, do we catch any 
glimpse of that Cosmic conception of the scope of philosophy 
which was set forth and illustrated in the second chapter of 
these Prolegomena. For according to that conception, we 
have seen that philosophy is an all-comprehensive Synthesis 
of the doctrines and methods of science ; & coherent body 
of theorems concerning the Cosmos, and concerning Man in 
his relations to the Cosmos of which he is part. Now, 
though Comte enriched mankind with a new conception of 
the aim, the methods, and the spirit of philosophy, lie never 
even attempted to construct any such colierent body of 
theorems. He constructed a classification of the sciences 
and a general theory of scientific methods ; but he did not 
extract from each science that quota of general doctrines 
which it might be made to contribute toward a universal 
doctrine, and then proceed to fuse these general doctrines 
into such a universal doctrine. From first to last, so far as 
the integration of science is concerned, bis work was logical 
rather than philosophical. And here we shall do well to 
note an apparent confusion between these two points of view, 
Khich occurs in Mr. Mill's essay on Comte. " The philosophy 
i-f science," says Mr, Mill, " consists of two principal parts ; 
the methods of investigation, and the requisites of proo£ 
The one points out the roads by which the human intellect 
arrives at conclusions j the other, the mode of testing their 
eridenca The former, if complete, woiUd he an Organon 
of Discovery ; the latter, of Proof." Now I call this an 
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admirable deGnition ; bat it is not the defiaition of Fbilo- 
Bophy, it is the definition of Logic. If we were to accept it 
as a deSuitioQ of philosophy, we might admit that Coiute cou- 
Binicted a philosophy ; as it is, we caa oiily admit that Le 
constructed a logic, or general theory of methods. In the 
present chapter we have seen how valuable were his contri- 
butions to the lo^ic of induction. We may admit, with Mr, 
Mill, that he treats this subject " with a degree of perfection 
hitherto unrivalled," — save (I should say) by Mr. Mill him- 
self. But an Organon of Methods is one tlung, aud a Syn- 
tbesiB of Doctrines is another thing; and a system of 
philosophy which is to be regarded as a comprehensive 
theory of the universe must include both. Yet Comte never 
attempted any other synthesis than that wretched travesty 
which, with reference to the method employed in it, is aptly 
entitled " Synthese Subjective." 

Not only does Comte thus practically ignore the conception 
of philosophy as a Synthesis of the most general truths of 
science into a body of universal truths relating to the 
Cosmos as a whole, but there is reason to believe that bad 
such a conception been distinctly brought before his mind, 
he would have explicitly condemned it as chimerical In 
illustration of this I shall, at the risk of apparent digression, 
cite one of his conspicuous shoituomings which is pecuharly 
interesting, not only as throwing light upon his intellectual 
habits, but also as exemplifying the radical erroneousness of 
tais views concerning the limits of philosophic inquiry. Prof 
Huxley calls attention to Comte's scornful repudiation of 
what is known as the "cell-doctrine" in anatomy and phy- 
Biology. Comte characterized this doctrine as a melancholy 
instance of the abuse of microscopic Investigation, a chimeri- 
cal attempt to refer all tissues to a single primordial tissue, 
formed by the unintelligible assemblage of a sort of organic 
monads, which are supposed to be the ultimate units of every 
living body." Kow this " chimerical doctrine " is at the 
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^iresent day one of the fundameutal doctrines of biology. ■ 
Other instances are at hand, which Fro£ Huxley has not ' 
cited. For example, Conite condemued as vain and aseless 
all inquiries into the origin of the human race, although, with 
an incoosiateacy uot unusual with him, he was a wann 
advocate of that nebular hypothesis which seeks to accooat 
for the origin of the solar system. As these two ordeia of 
inquiry are philosophically precisely on a level with each 
other, the former being indeed the one for which we have now 
the more abundant material, the attempted distinction is proof ' 
of the vagueness with which Comte conceived the limits of 
philosophic inquiry.^ But what shall we say when we find 
him asserting the impossibility of a science of stellar astro- 
nomy J He tells us that we have uot even the first datum 
for such a science, and in all probabOity shall never obtain 
that datum. Until we have ascertained the distance, and cal- 

' It is mterostii)^ to note ihiit disciples of Cotnte on atill to bo faund, u 
incapable of renlilmg that the arbitmry dirta nf their master did Dot conati- 
tute tbe linal utlemnco of human science, Chut they oppose the Doctrine ct 
Evolntinti apoii no other Rronitd than the assumed ineapncity of the liamka 
Blind far deatisg with ori)(iDa 1 In a diMucaion held in aev York aoms two 
yeara since on tbe aubjeet of " UarwiniBni," a certain discijile of Comta 
observed that it waa naJesa for man to pretend to know bow he orijrinated, 
when he could not ascertain tbe origin of anything I NeverthelesH, aince Wl 
ilo find onrselrea able to point oat the origin of many tilings, from tl mjth 
nr ■ Racial observance to a freshet or the fall of an avalanche, it appean 
that our CointisC wati playing upon words after the scholaaiio or Flatoaic 
fashion, and confounding pro»imalo "origin," which is a wihject for scienoe, 
with nllimate "oriKin, which must be relegated to motapbysics. Had 
Comtc carried oat this principle consiii1«nlly, he would never nave wiittan 
his Pliilosnphy of HlEtory, sincn the explanation of the social phsnomsBa 
jxiiting in any age ia the determination of their ma<le of origin troia tht 
.^ial phenomena of the preeedintf age. But if with the aid of histtoio 
jfita we may go back three tlionsand ycnts, there ia do resson why, with the 
■ud of fceologic, Bstroaomic, and cbirmical data, we should not go baok, if 
urgessiuy, a thouhand billion years, and iuvesligate the uri^n of the earth 
from the anlar nelinla, or the origin of life from aggregations of eollndAl 
nutter. In either cas«, the probTGin ia one, not of ultimate origin, but o( 
•Tolution. In neither caae da we iieek to account for the origiu of the mattar 
ftad nation which constitute the pbenometial univetse. bst only to diicovM 
a foimnla nhich thall express the common cbaTactcnstivs of certain observed 
BTiiilelied distributions of the matter and motion already exiting. Tbt 
latter attempt is as clearly within the lioiiu of 4 acientiliu f tiiloaophT H tht 
toruier ia emrlj beTood Umdl 
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Ciliated the propter motion, of at least one or two fixed stars, 
we cannot be certain even that the law of gravitation holds 
in these distant regions. And the distance of a star we shall 
probably never be able even approximately to estimate. Thus 
wrote Gomte in 1835. But events, with almost malicious 
rapidity, falsified his words. In leas than four years, Bessel 
had measured the pai-allax of the star 61 Cy^-ui, — the 
first of a brilliant aeries of discoveries which by this time 
have made the starry heavens comparatively faniiliar ground 
to ufl. What would Comte's scorn have been, had it been 
suggested to him that within a third of a century we should 
possess many of the data for a science of stellar chemistry; 
that we should be able to say, for instance, that Aldebaran 
contains sodium, magnesium, calcium, iron, bismuth, and 
antimony, or that all the stars hitherto observed with the 
spectroscope contain hydrogen, save y3 Pegasi and a Orionis, 
which apparently do not ! Or what would he have said, had 
it been told him that, by the aid of the same instrument 
which now enables us to make with perfect confidence 
these audacious assertions, we should be able to determine 
the proper motions of stars which present no parallax I No 
example could more forcibly illustrate the rasliness of pro- 
phetically setting limits to the possible future advance of 
science. Here are truths which, within the memory of young 
men, seemed wholly out of the reach of observation, but 
which are already familiar, and will soon become an old 
story. 

I believe it was Comte's oeglect of psychological analysis 
which caused him to be thus over-conservative in accepting 
new discoveriea, smd over-confident in setting limits to 
AcieDtific achievement He did not clearly distinguish be- 
tween the rashness of metaphysics and the well-founded 
boldness of science. He was deeply impressed with the 
.utility of wasting time and mental energy in constructing 
imverifiable hypotheses; but he did not sufiiciently distio- 
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guiah l>etween hypotheaea which are temporatily unveri6abla 
from present lack of the means of observation, and those 
which are permanently imverifiable from the very oatore o( 
the knowing process. There is no ground for supposing that 
Comte ever thoroughly underetood wliy we cannot know the 
Absolute and the Intinite. He knew, as a matter of historical 
fact, that all attempts to obtain such knowledge had muer- 
ably failed, or ended in nothing better than vain verbal wrang- 
linga ; but his ignorance of psychology was so great that he 
probably never knew, or caved to know, why it must neces- 
aarily be so. Had he ever once arrived at the knowledge 
that the process of knowing involves the cognition of like- 
ness, difference, and I'elation, and that the Absolute, aa 
presenting none of these elements, is trebly unknowable, he 
would never have confounded purely metaphysical hypo- 
theses with those which are only premature but are never- 
theless scientific He would have seen, for instance, that onr 
inability to say positively whether there are or are not living 
be.ings on Saturn residts merely from our lack of sufEcient 
data for a complete induction ; whereas our inability to 
frame a tenable hypothesis concerning matter per se results 
from the eternal fact that we cau know nothing save under 
the conditions prescribed by our mental structure. Could 
jFe contrive a telescope powerful euough to detect life, or the 
products of art, upon a distant planet, there is nothing in tha 
constitution of our minds to prevent our appropriating such 
knowledge ; but no patience of observation or cuaniug of 
experiment can ever enable us to know the merest pebble as 
it exists out of relation to our consciousness. Simple and 
obvious as this distinction appears, there is much reason to 
beheve that Comte never understood it. He inveighs against 
inquiries into the proximate origin of organic life in exactly 
the same terms in which he condemns inquiries into tbe 
ultimate origin of the universe. He could not have done 
this had he peiceived that the latter question is lor evei 



I 



en. IX.1 PHILOSOPBT AB AN ORQASON. 261 

insoluble because it involves absolute beginoiiig ; wherefts 
the former ia merely a question of a particular combination 
of molecules, which we cannot solve at present only because 
we have not yet obtained the requisite knowledge of the 
interactions of molecular forces, aud of the past physical 
condition of the earth's surface. In short, lie would have 
seen that, while the human mind is utterly impotent in 
the presence of noumena, it is well-nigh orauipoteut in the 
presence of phenomena. In science we may be said to 
advance by geometrical progreaaion. Here, in the forty 
years which have elapsed since Comte wrote on physical 
science, it is hardly extravagant to say that the progress 
has been as great as during the seventeen hundred years 
between Hipparchos and Galileo. If then, in the three or 
four thousand years which have elapsed since Europe began 
to emerge from utter barbarism, we have reached a point at 
which we can begin to describe the chemical constitution of 
a heavenly body seventy thousand million miles distant, 
what may not science be destined to achieve in the next 
four thousand, or forty thousand, years ? We may rest 
assured that the tale, if we could only read it, would far 
excel in stranj^eness anything in the " Arabian Nights " or 
in the mystic pages of the RoUandists. 

But Comte did not understand all this. He, the great 
overthrower and superseder of metaphysics, did not really 
apprehend the distinction between metaphysics and ncience. 
Hence every hypothesis which went a little way beyond the 
limited science of his day he wrongly stigmatized as " meta- 
physical." Hence he heaped contumely upon the cell-doc- 
trine, only three years before Schwann and Schleiden finally 
established it. And hence, when he bad occasion to observe 
hat certain facts were not yet known, he generally added, 
"and probably they never will be," — though his prophecy 
Was not seldom confuted, while yet warm from the press. 

Toward the close of his life, alter he bad become socei* 
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dotally inclined, this tendency assumed a moral aspeot 
These remote and audacious inquiries into the movements tA 
stars, and the development of cellular tissue, and the origin 
of species should not only be pronounced fruitless, but 
should be frowned upon and discountenanced by publio 
opinion, as a pernicious waste of time and energy, which 
might better be devoted to nearer and more practical objectK. 
It is a curious illustration of the eS'ects of discipleship upon 
the mind, that several of Comte's disciples — Dr. Bridges 
among others less distinguished — maintain this same opinion, 
for no earthly reason, I imagine, save that Comte lield it. 
It is certainly a strange opinion for a philosdpher to hold. 
It bears an unlovely resemblance to the prejudice of the 
Philistines, that all speculation is foolish and empty which 
does not speedily end in bread-and-butter knowledge. Who 
can decide what is useful and what is useless ? We are told 
first that we shall never know the distance to a star, and 
secondly that even if we could kuow it, the knowledge 
would be useless, since human interests are at the uttermost 
bounded by the solar aysteiii. Three years suftioe to dis- 
prove the first part of the prediction. In a little while the 
second part may also he disproved. We are told by Comte 
that it makes no difference to us whether organic species are 
fixed or variable ; and yet, as the Darwinian controversy has 
shown, the decision of this question must afl'ect from begin- 
ning to end our generdl conception of physiology, of psycho- 
logy, and of history, as well as our estimate of theology. If 
t were not universally felt to be of practical consequence, it 
would be argued calmly, and not with the weapons of ridicule 
and the odium theologicum. But this position — the least de- 
fensible one which Comte ever occupied — may best be refuted 
by his own words, written in a healthier frame of mind. 
" The most important practical results continually flow from 
theories formed purely with scientific intent, and which 
hare sometimes been puisued for ages without any practical 



J 




m. IX.] PHILOSOPHY AS AN OBGANON. 201 

result. A remarkable exnmple is fiirnialied by the bexutiful 
researcbes of the Greek geometera upou conic seotionB, 
which, after & long aeries of generations, have renovated 
the science of astronomy, and thus brought the art of navi- 
gation to a pitoh of perfection ■which it could never have 
reached but for the purely theoretic inquirieB of Archimedea 
and Apollonios. As Condorcet well observes, the sailor, 
whom an exact calculation of longitude preserves from ship- 
wreck, owes his life to a theory conceived, two thousand 
years ago, by men of genius who were thinking of nothing 
but lines and angles." This is the true view ; and we need 
not fear that the scientific world will ever adopt any other. 
That inborn curiosity which, acconling to the Hebrew legend, 
has already made us like gods, knowing good and evil, will 
continue to inspire us until the last secret of Nature is laid 
bare ; and doubtleas, in the untiring search, we shall uncover 
many priceless jewels, in places where we least expected to 
find them. 

The foregoing examples will suffice to illustrate the vague- 
ness with which Comte conceived the liniita of scientific and 
nf piiilosophic inquiry, I have here cited them, not so much 
for the sake of exhibiting Comte's mental idiosyncrasies, as 
for the sake of emphasizing the radical difference between 
his conception of the scope of philosophy and the conception 
upon which the Cosmic Philosophy is founded. In giving 
to Comte the credit which he deserves, ibr having heralded 
a new era of speculation in which philosophy should be 
built up eutirely out of Bcientilic materials, we must not 
forget that his conception of the kind of philosophy thus t« 
be built up was utterly and hopelessly erroneous. Though 
he insisted upon the all-important truth that philosophy is 
simply a higher organization of scientific doctrines and 
methods, he fell into the error of regarding philosophy 
merely aa a logical Organon of tlie sciences, and he nevei 
Uaowd the conception of philosophy aa a Universal Science 
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in which the widest truths obtainable by the several Bciences 
are contemplated together as corollaries of a single ultimate 
truth. Not only did he never frame auch a conception, but 
there can be no doubt t!iat, had it aver been presented to 
him in all its completeness, he would have heaped oppro- 
brium upon it as a metaphysical conception utterly foreign 
to the spirit of Positive Philosophy. We have juat seen him 
reaolutely setting his face against those very scientific specu- 
lations to which this conception of the scope of philosophy 
owes its origin ; and we need find no difficulty in believing 
Dr. Bridges when he says that the Doctrine of Evolution 
would have appeared to his master q^uite as chimerical as the 
theories by which Thales and other Greek cosmogoniats 
" Bonght to deduce all things from the principle of Water 
or of Fire." 

Thus in a way that one would hardly have anticipated, we 
have disclosed a fundamental and pervading dlQ'erence b^ 
tween the Positive and the Cosmic conceptions of philosophy. 
The apparently subordinate inquiry into Comte'a reasons fot I 
excluding Logic from hia achenie of sciences, has elicited an 
answer which gravely affects our estimate of his whole 
system of thought. That his conception of Philosophy as 
an Organon was a noble conception, there is no doubt ; but 
that it was radically different from our conception of Philo- 
aophy as a Synthesis, la equally undeniable. But the full 
depth and significance of tJiis distinction will only be appre- 
ciated when, in the following chapter, we shall have pointed 
out the end or purpose for which this scientific OrgaooD wai 
devised. 
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TowABO the close of the chapter on "Phenomenon and 
Koumenon," I observed that it haa become customary to 
identify with Positivism everj- philoaophy which rejects all 
ontological speculation, which seeks its basis in the doctrines 
and methods of science, and which is accordingly arranged 
in opposition to the current mythologies. The confusion is 
one which, after having once been originated, it i8 easy to 
maintain but exceedingly difficult to do away with ; since on 
the one hand, it is manifestly convenient for the theologian 
to fasten upon every new and obnoxious set of doctrines 
the odium already attaching to quasi- atheistic Positivism ; 
while on the other hand, the disciples of Comte are not 
unnaturally eager to claim for themselves every kind of 
'modem tlainking that can by any colourable pretext be 
annexed to their own province. The theological magazine- 
writer, who perhaps does not know what is meant by the 
Relativity of Knowledge but feels that there is something to 
be dreaded in Mr. Mangel's negations, finds an excelleot 
substitute for intelligent criticism in the insinuation that 
this doctrine of relativity is a device of the Positivists, 
who refuse to admit the existence of God, and woiBhip 
Homauity 'aymboli^ed as a woman of thiity, with a child 
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in her arms." In similar wise the ardeni disciple of ComU 
— who, so far as my experience goes, ia not unlikely to be 
qnite as narrow-minded as any theologian— is wont to claim 
all contemporary scientific thinkers as the iatellectnal off- 
spring of his master, until their openly expressed dissent 
has reduced him to the alternative of stigmatizing them 
as "metaphysical J " very much as the Pope lays claim to 
the possession of all duly haptized Christians,* save those 
whom it has become npfesiutrv to excommunicate and give 
over to the DeviL 

But aside from these circumstances, which partly explain 
the popular tendency to classify all scientific thinkers as 
Positivists, it is not to be denied that there are really 
plausible reasons why the Positive Philosophy should 
currently be regarded as representative of that whole genns 
of contemporary thinking which repudiates the subjective 
method, and, as Mr. Spencer says, " prefers proved facts to 
superstitions." As I have already shown, it was Comte who 
first inaugurated a scheme of philosophy explicitly based 
upon the utter rejection of anthropomorphism and the adop- 
tion of none but scientific doctrines and methods. I have 
already pointed out how great are our obligation.^ to him for 
this important work, and I need not repeat the acknowledge- 
ment For this reason it is obvious that whenever the 
theological thinker encounters a system which as far as 
possible rejects anthropomorphic interpretations, and when- 
ever the metaphysician encoanters a system which denies* 
the validity of his subjective method, both the one and the 
other will quite naturally regard this system as some phaae 
of Positivism. For the same reason, when we remember how 
strong is the tendency to "read between the lines" of any 
system of thought and thus to interpret it in accordance with 
oat pre-conceptions, we shall see how easy it is for those who 
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first derived from Comte their notions of Bcientific method 
and of the limits of philosophic inquiry, to " read into " his 
system all the later results of their intellectual experience, 
and thug to persist in regarding the whole as Positive 
Philosophy. Of this tendency it seems to me that we have 
an illnstrions example in Mr. I^wes, the learned historian of 
philosophy and acute critic of Kant, who in the latest edition 
of his "History" atill maintains that the agreement between 
Comte and Spencer is an agreement in fundamentals, while 
the dififerences between them are non-essenlial differences. 
That I ara not incapable of understanding and sympathizing 
with this tendency, may he inferred from the fact that during 
eleven years I espoused the same plausible error, and called 
myself a Positivist (though never a follower of Comte) in the 
same breath in which I defended doctrines that are utterly 
incompatible with Positivism in any legitimate sense of the 
word. So long as we allow our associations with the words to 
colour and distort our scrutiny of the thijigs — a besetting ain 
of human philosophizing, from which none of us can hope 
to have entirely freed himself — so long it is possible for us to 
construct an apparently powerful ai^ument in behalf of the 
fundamental agreement between Spencer and Comte. It 
may be said, for example, that both philosophers agree in 
asserting : 

I, rAtti all knowledge is relative; 
n. T}tat all nnverifiable hypotheses are inadmissible; 

III. That the evolution of philosophy, whatever else it 
may be, haa been a process of deanthropomorphization ; 

IV, That philosophy b a coherent organization of scientific 

doctrines and methods; 
V. That the critical attitude of philosophy ia not destruc 
live but constructive, not iconoclastic but conservative, 
not negative but positive. 
Still confining our attention to ihe form of these proposi- 
tions, and neglecting for the moment the Tery different 
TOU L B 
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meanings with which they would be enunciated respectively 
by the Cosmist and by the Positiviflt, it ia open (o us to 
tnaintain that, in asserting these propositions, Mr. Spenoer 
ftgreefl with Comte in aRserting the five caniinal theorems of 
Positive Philosophy. Looking at the matter in thie light, 
we might complain that Mr. Spencer, in his " Reasons for 
Dissenting, etc.," accentuates the less fundamental points in 
which he differs from Comte, and passes without empfaasia 
the more fundamental points in which he agrees with Comte. 
We might urge that while the " Law of the Three Stages " is 
undoubtedly incorrect, nevertheless the essential point is that 
men's conceptions of Cause have been becoming ever less and 
less anthropomorphic. And similarly, when Mr. .Spencer 
insists that Comte has not classified the sciences correctly, 
we might reply that, if we were to question M. Littrd (who 
still holds to the chief positions of the Comtean classifica- 
tion), he would perforce admit that the fundamental point — 
the ground -question, as Germans say — ia not whether physics 
comes after astronomy, or whether biology is au abstract 
science, but whether or not the sciences can be made to 
furnish all the materials for a complete and unified conception 
of the world. 

In this statement of the case, which once seemed to ma 
satisfactory, we have probably the strongest argument that 
can be devised in favour of the identification of Mr. Spencer's 
philosophy with Positivism. Tet, as above hinted, and as 
will be eelf-evident to everyone who has comprehended tho 
foregoing chapters, its apparent strength rests entirely upon 
the verbal ambiguity of tlie five cardinal propo.silions, which 
are stated in such a way as to conceal the real points at issue 
between the two philosophies. "With regard to the first two 
propositions, I have already shown that (hey are in nowise bo 
peculiar to Gomte that allegiance to thcra should make oa 
disciples or coadjutors. In accepting the Doctrine d 
Belativity, as well aa in receiving from modern science tb« 
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Inheritance of the Objective Metliod, we are the " heire of 

all the ages," and are in nowise especially beholden to Corntc. 
As regards the fifth proposition, concerning the critical 
attitude of philosophy, the discussion of it does not belong 
to our Prolegomena but to our Corollaries, since before we 
can comprehend it we must make sure that we nnderaland 
what is implied by the Doctrine of Evolution. In the con- 
cluding chapter of ihia work it will appear that our dissent 
from Positivism is practically no less emphatic in respect to 
the critical attitude of philosophy than in other resppcts. 
For the present we can willingly dispense with this proo , as 
our point will be quite sufficiently established by an exnmina- 
tion of the third and fourth propositions above allegdl as 
cardinal alike to Positivism and to Cosmism, 

And first, as regards the fourth proposition, the preceding 
chapter showed that Comte's conception of the scope and 
functions of philosophy was by no means the same as that 
which lies at the bottom of the present work. We have 
seen that he treated philosophy as merely an Organon ot 
scientific melboda, and totally ignpred the concejition oi 
philosophy as a Synthesis of truths concerning the Cosmos. 
Now in order to comprehend the full purport of this, we 
must ask what was Comte's aim in constructing a sysleii of 
philosophy ? To what end was this elaborate Orga^ion deeiacd t 
It was not devised for the purpose of aiding the systciniitic 
exploration of nature in all directions, for we have seen tliat 
Comte bef;an by discouraging and ended by anatheniati::ing 
a large class of most important inquiries, chiefly on the 
ground of their "vainness" or "inutility." To undei-stand 
the puipose of all this admirable treatment of philoao))hy 
ta an Organon, we must take into account the Etateinera o.' 
Dr. Bridges that Comte's philosophic aims were not iliHi-n^nt 
in bis later epoch from what they had been in the earlier 
part of bis career. From the very outset Comte intended to 
Giown his work of reorganizing philosophy by constructing 
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ft polity wUch should be competent to reorganize eociety. 
The belief that society can be r^enerated by philosophy 
is a belief which uDderlies all his spoculationa from first tn 
last. His aims were as practical as those of Saiut-Simon 
and Fourier, the difference being chiefly that these un- 
scientific dreamers built their Utopias upon abstract theoriea 
of human niiture, while Comte sought to found his polity ' 
upon the scientific study of the actual tendencies of humanity 
as determined by its past hiatoiy. In a future chapter I 
shall have occasion to show that this whole attempt of 
Comte's was based upon a profound miscouceplion of the 
true state of the case. For the present we need only observe 
that with Comte the construction of a Philosophy meant 
ultimately the construction of a Sociology, to which all hia 
elaborate systematization of scientific methods was intended 
to be aucillary. Why must we study observation in astro- 
nomy, experiment in physics and chemistry, comparison in 
biology ? In order, says Comte, to acquire tlie needful 
mental training for sound theorizing in sociolony. To him 
the various physical sciences were not sources from which 
grand generalizations were to be derived, embracing tin 
remotest and most subtle phenomena of the Universe; they 
were whetstones upon which to grind the logical implements 
to be used in constructing a theory of Humanity. All other 
theorizing was to be condemned, save in so far as it could 
be shown to be in some way subservient to this purpose. 
Thus Comte's conception of philosophy was throughout an- 
thropocentric, and he utterly ignored the cosmic point of 
view. There can be little doubt that be who, in 1830, 
rejected the development-theory, which a more prescient 
thinker, like Goethe, was enthusiusticaliy proclaiming, would 
have scorned as chimerical and useless Jlr. Spencer's theory 
of evolution. We may now begin to see why Comte wished 
to separate Man from the rest of the organic creation, and 
why he was so eager to condemn sidereal astroDomy, tht 
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study of which tends in one eenae to dwarf our conce^itions 
of Humanity. Comte was indeed too much of an astronomer 
to retreat upon the Ptolemaic theory, but in his later works he 
shows symptoma of a feeling like that which actuated Hegel, 
when he openly regretted the overthrow of the ancient astro- 
nomy, because it was more dignified for man to occupy the 
centre of the univei'se I It is true that, in his first great 
work, Comte points out the absurdity of the theological view 
of man's supiemacy in the universe, and rightly ascribes to 
the Copemican revolution a considerable share in the over- 
throwing of this view, and of the doctrine of final causes, 
with which it is linked. In spite of nil this, however, and 
in spite of his admirable scientific preparation, Comte's con- 
ception of pliilosophy as the summary of a hierarchy of 
bcieoces, presided over by sociology, led him irresistibly 
toward the authropocentric point of view; and so, when it 
became necessary for him to crown his work by indicating 
its relations to religion, he arrived, logically enough, at a 
Religion of Humanity, although in order to reach such a 
terminus he was obliged to throw his original Positivism 
overboard and follow the subjective method. In view then 
of all this complicated difference between the Positivist con- 
ception of philosophy and the conception expounded in this 
work, I think we are quit« justified in designating our own 
conception by a different and characteristic name. 

But the most fatal and irreconcilable divergence appears 
when we come to consider the third cardinal proposition, — 
that which relates to deanthropomorphization. If we inquire 
iiow it was that Comte was enabled to perpetrate, in the 
mime of philosophy, such a prodigious piece of absurdity as 
the deificiition of Humanity, we shall find the explanation to 
lie in hia misconception of what is meant by the relativity 
of knowledge. A good illustration of his confused thinking 
an this subject, to which 1 have already had occa.<tion to 
efer, 10 aflbried by his trijatment of atheism. Comte had 
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no patieoee with atheists, because of the chiefly negative 
and destroctive character of the atheistic philosophy domi- 
nant in the eighteenth century. But when he lets us into 
his philosophic reasoDS for rejecting atheism, we find him 
:omp1aining of the atheists^ not because of their denial of 
• Deity, nor because their doctrine contravenes the relativity of 
knowledge, but because they indulge in "metaphysical at« 
tempts to explain the origin of life upon the earth's sur- 
faoa" ^!) On reading such passages, it becomes sufficiently 
evident that Comte did not really understand why meta- 
physical inquiries are illegitimate, but rejected them very 
much as the general reader might reject them, because they 
muddled his mind ; and we may acknowledge the justice of 
Prof. Huxley's s^uvasm, that *" metaphysics " is, with Comte a 
* conond term of abuse for anvtluu!! that he does not like."* 
Certain it is that Comie never unders:4»l the true import of 
the doctrine of i^lativity, as it is stated in our fourth chapter, 
— that tl)ei>e exists an Unknowable Eeality, of which all phe- 
nomena^ as pre^ntt>d in consciousness, are the knowable 
manifestations. As I have alreadv observed, his most illus- 
Irious follower^ M. Iiitr&. unreservedly stigmatixe^ as ** meta- 
physical ^ th:s very doctrine of ihe UnknowaUe, upon which 
:!:e Cosmic rhilosoj-hy bases its rtjeclion of metaphysics. 
Had Comte ever unv:er?:ood this diVtrine, he would neither 
have soi:c-t to ::r.ix\se uiKm us a pheuomenal God, in the 
fonn of ic.oa>!7i\i Hu:v.f.:i:ty, nor would he have virtually 
aK^id/ne.i h;s orkir.rJ Pos::iv:sm in the wild aitempi to 
''nv^:.iri-4te" the su*:jec::ve n.tthvxi AU these things show 
tha: C^*:v.to never re^llv fa;ho:r:od the distinetfon between 
met^phys;.-^ ar.a scuiv^e: a:^i as li^e final outcome of all 
this co:r,: .:cA:od r.v.s.vnsvpt:or.. wie rr.: him, in his famous 
*I-a\v ot tie T:;?;t Susir^V se::i:\c :V.r*i as the goal of all 
specUiAtix^ pr.\:rf.<> a s;*:e or ha^.t'^v^ of Tuiini which never 
has ej^is:<v, an«; >» hich never CAn e\:>t. Ht K-in the antago- 
nism K^tween v\visi;sui and l\>s;u\'2S2n becomes m fendft^ 
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mental as to outweigh all minor points of agreement, even 
were the pointa of agreement ten times as numei-oua as they 
are. For since we deny that the Positive mode of philoso- 
phizing, implying the recognition of nothing beyond the 
eonteuta of observed facts, is a practicable mode at all, it is 
clear that we cannot, save by the utter distortion and per^ 
version of human speech, be classified as Positivists. 

Casting aside, then, our third and fourth cardinal propoei- 
tions, temporarily assumed for the purpose of emphasizing 
tills rejection of them, we may briefly restate as follows the 
fundameutal issue between Cosmism and Positivism. 

We have seen tliat Comte discerned the fact that there 
has been a conlinuoua progress in men's conceptions, of 
which the chief symptom has been deunthropomorphization, 
and of which the result must be the destruction of ontology. 
He also discerned the fact, that after giving up ontology, it 
is still possible to build up a philosophy out of materials 
furnished by the sciences. We have freely admitted that, in 
each of these cases, the step taken by Comte was sufficient 
to work a revolution in the attitude of philosophy ; and wo 
may add that, by virtue of this twofold advance, Comte was 
justified in calling his system of philosophy " positive," in 
contrast with the absolutely sceptical or "negative" philo- 
sophy of the eighteenth century. 

But, while admitting all tliis, we have also seen that 
Comte supposed the terminal phase of deanlhropomorphi- 
Mition to consist in the ignoring of an Absolute Power mani- 
fested in the world of phenomena; and that he regarded 
philosophy merely as an Oi^anon of scientific methods and 
doctrines useful in constructing a theory of Humanity and 
a social Polity. On the other hand, the Cosmic Philosophy 
18 founded upon the recognition of an Absolute Power mani- 
fested in and through the world of phenomena ; and it 
lonsists in a Synthesis of scientific truths into a Universal 
Science dealing with the order of the phenomenal mani- 
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Cestatioos of the Absjlute Power. And manifestly theeo 
differences between the two systems of philosophy constitnte 
an antagonism which is fundamental and irreconcilable. If 
the Positiyist conception of philosophy be tnie, ihen the 
work which I am now writing is founded upon a baseless 
metaphysical fidlacy; and conversely it is impossible to 
accept the doctrine expounded in this work, without tJMo 
facto declaring the main position of Positivism to be un- 
tenable. 

I shall hereafter have occasion to examine the views con- 
oeming Psychology, Sociology, Beligion, and Practice, which 
are characteristic of the Positive Philosophy; and, as here- 
tofone^, while dissenting from those views in every instance^ I 
shall have no hesitation in acknowledging their merits or in 
assigning a fall meed of homage to the great thinker bj 
whom they were propounded But while my diwent npoo 
all the$e points will ser\*e to emphasize and illustrate the 
fundamental dissent declared in these Prol^omena^ it will not 
be needful again to demonstrate in detail that we are not 
adherents of the Positive Philv^sophy. Wi:h thrioe-reita> 
rated argument^ and a: the risk of wearying the reader, 
it has iK»w been made su£c.:enily evident that Cosmism and 
r^xsitivism, far frv>m boir:^ ideuticd or idenu&ihle with each 
other, an^ iu a cer:;ain $eiis^ ;be two c^i<>s:te polea of 
Kicntidc philosophixioj:. Arid in virtue of this demon* 
sirftted an:ago::is:n, the d:Yvr^5fin^>ets brienf^ to le "S*^^*ff*^ 
will appMir XK^4 mei^^Iy as c^iks^y jna^l^^ftif but evea a< 
i mrmi inevi; 
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We have now accomplished our preliminary task of defining 
snd illustrating the scope and metliods of Cosmic Pbiloaophy, 
and ore prepared to begin the work of constructing a theory 
of the universe out of the elements which science can 
furnish. It will accordingly become necessary for us to pass 
in review the sciences systematized in the eighth chapter, 
that we may be enabled to contemplate the widest truths 
which they severally reveal, as corollaries of some ultimate 
truth. In undertaking this task, there are two opposite 
courses, either of which we might pursue,' though with 
difTering degrees and kinds of success. On the one hand, wo 
might begin with a survey of the concrete sciences ; and 
having ascertained the most general truths respectively 
formulated by astronomy, geology, biology, psychology, and 
Bociology, we mij^iht interpret all these truths in common by 
merging them all in a single widest genemlization concerning 
the concrete universe as a whole; and lastly, through an 
analysis of this widest generalization we might seek the 
ultimate axiom by which the validity of our conclusions is 
certified. Or, on the other hand, we might begin by searching 
directly for this ultimate axiom ; and having found it, we 
might proceed to deduce from it that widest generalization 
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which interprets the most general truths severally formulated 
by the concrete sciences ; and finally, by the help of these 
ttnivers&l principles, we might perhaps succeed in eliciting 
sundry generalizations concerning particular groups ol 
concrete plienomcna which might otherwise escape oui 
Mcrutiny. 

The latter, or synthetic method of procedure, ia much 
better iidapted for our presont purpose tban the former, or 
analytic method. Indeed the mass of phenomena with which 
we are required to deal is so vast and so heterogeneous, the 
various generalizations which we are required to interpret in 
conimou are apparently so little related to one another, that 
it may well be doubted if the appliances of simple inductiun 
and analysis would ever suftice to bring us within sight of onr 
prescribed goal. The history of scientific discovery afTorda 
numerous illustrations — and nowhere more convincingly thaa 
in the subhme chapter which tells the triumph of the 
Newtonian astronomy — of the comparative helplessness of 
mere induction where the phenomena to be explained ere 
numerous and complicated. A simple tabulation and analysis 
of the planetary movements would never have disclosed, 
even to Newton's penetrating gaze, the law of dynamics to 
which those movements confurm. But in these complicated 
cases, where induction has remained hopelessly embarrassed, 
the most brilliant success has often resulted from the adop* 
tion of a hypothesis by which the phenomena have been 
deductively interpreted, and which haa been uniformly 
corroborated by subsequent inductions. The essential 
requisite in such an hypothesis is that it must have been 
framed in rigorous conformity to the requirements of the 
objective method. It must be based upon properties <A 
matter or principles of dynamics that have previously beea 
established or fully confirmed by induction ; it must appeal 
to no unknown agency, nor invoke any unknown attribute of 
matter oi motion ; and it must admit ultimately of induotire 
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veriRcadoa Such a hypolliesis, in short, is admissible only 
when it contains no unverifiable element And of hypotheses 
framed in acconlanee with these rigoiuua requireniejits, the 
surest mark of genuineness is usually that they are not only 
uniformly verified by the phenomena which first suggested 
them, but also help us to the detection of other relations 
among phenomena which would otherwise have remained 
hidden from us. 

In conformity, then, to these requirements of scientifio 
method, onr course is clearly marked out for us. We have 
first to search, among truths already indisputably established, 
for that ultimate truth which must underlie our Sj nthcais of 
Bcientific truths. We have next to show how the widest 
generalization which has yet been reached concerning the 
concrete universe as a whole, may he proved to follow, as an 
inevitable corollary, from this ultimate truth. This widest 
generalization wiU thus appear, in the light of our demonstra- 
tion, aa a legitimate hypothesis, which we may verify by 
showing that the widest generalizations severally obtainable 
iu the concrete sciences are included in it and receive their 
common interpretation from it. Throughout the earlier part 
of this special verification, in which we shall he called upon 
to survey the truths furnished respectively by astronomy, 
geology, biology, and psychology, I shall follow closely in the 
footsteps of Mr. Spencer, who has already elaborately 
illustrated these truths in the light of the Doctrine of 
Evolution. When we arrive at sociology — still following 
Mr, Spencer's guidance, but venturing into a region which he 
has as yet but cursorily and fragmentarily Bur\-eyed for us — 
I shall endeavour to show that our main hypothesis presents 
the strongest indications of its genuineness by affording a 
brilliant interpretation of sundry social phenomena never 
before grouped together under a general law. This inlerpreta- 
tion I shall then seek further to verify by showing how it 
[BcMides and justifies whatever ia defensible in the generalisa- 



268 COSMIC PRILOSOPEY. [«1 L 

tions which such writers as Comte and Buckle have obtained 
from an inductive survey of the facts of human history. 
Finally I shall apply our central hypothesis to the special 
problem of the Origin of Man, and show how, from its 
marvellous success in dealing with the difficult questions of 
intellectual and moral progressiveness, the Doctrine of 
Evolution must be pronounced to have sustaiued the severest 
test of verification which our present scientific resources 
enable us to ap]^ly upon this great scale. With this i 
significant and interesting inquiry, our Synthesis of scientific 
doctrines will be completed. Such ultimate questions \ 
must inevitably be sii<:geated on our route — questions con- 
cerning the relations of the Doctrine of Evolution to Religion 
and Ethics — will be considered, with the help of the general 
principles then at our command, in the Coroilariea which a 
to follow. 

At present, however, we ate not at the goal, but at the 
starting-point of this arduous course ; and our attention 
must first be directed to the search for that ultimate axiom 
upon which our Synthesis must rest. Where now shall we 
begin? In what class of sciences are we to look for our 
primordial principle ? The above sui-vey of our projected 
course has already assured us that we need not search for it 
among the concrete sciences. Obviously the widest proposi- 
tion which can possibly be furnished by astronomy, or biology, 
or any other concrete science, cannot be wide enough to 
underlie a Synthesis of all the sciences. The most general 
theorems of biology are not deducible from the most general 
theoteins of astronomy ; nor vice versd. But the most general 
theorems of each concrete science are ultimately deducible 
from theorems lying outside the region of concrete science. 
Where shall we find such theorems ? If we turn to the 
purely abstract sciences — logic and mathematics — we shall 
get but little help. Useful as these sciences are, as enginea 
of investigation, they do not contain what we are now 
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looking for. Obviously mathematics, dealing only with 

relations of number, form, and magnitude, cannot supply the 
ultimate principle from wliicli may be deduced such pheno- 
mena as the coudencation of a nebula, the segmentation o( 
an ovum, or the development of a tribal community. To 
build 8 system of philosophy upon any possible theorem of 
mathematics, would only be to repeat, after twenty-four 
centuries, the errors of Pythagoras. And the helplessness of 
abstract logic, for our purposes, is too manifest to need 
illustration. 

Let ufl then turn to the ab-'itract-concrete sciences ; for in 
the widestgeneralizalionsut which these sciences have jointly 
arrived we must find, if anywhere, the theorem which wa 
desire. I say "jointly," for in the deepest sense the subject- 
matter ia the same, in molar physics, in molecular physics, 
and in chemistry. All three sciences deal, in one way or 
another, with the most t;eneral laws of those redistributions 
of matter and motion which are continually going on 
throughout the knowable universe. The first deals with the 
movements of masses ; the second deals with movements of 
molecules, and with the laws of aggregation of molecules 
that are homogeneous; the third deals with the laws of 
*^regation of molecules that are heterogeneous. In either 
Lise the phenomena dealt with are movements of matter, 
whether movement.s of translation through space, or move- 
ments of undulation among molecules, or movements whose 
conspicuous symptom is change of physical state or of 
chemical constitution. The widest theorems, therefore, 
which the three abstract-concrete sciences can unite in 
aEBrming, must be universal propositions concerning Matter 
and Moliou. 

Obviously it is in this region of science that we must look 
for our primordial theorem. But little reflection is needed 
to convince us that all the truths attainable by the concrete 
■ciencea must ultimately rest upon truths relating to the 
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movementB oF matter. It is with the moveinents, at^tnal at 
inferred, of certain specific nmssea of matter, that astronomy 
in both its branches is concerned. Movementa of matter, 
likewise, in a specific region of the universe, and under 
specific conditions characteristic of this region, constitute 
the facts about which geology speculates. We need but 
remember that nntiition is at hottom merely a process in 
which certain molecules shift their positions, and that the 
life of an organism is simply a long-continued series of 
adjnstments and readjustments among mutually-related and 
mutually-influencing systems of aggregated molecules, in 
order to see that the fundamental laws of tho movements of 
matter must underlie biology also. And although the 
phenomena of mind — whether manifested in individuals or 
in communidea — cannot be explained as movements of 
matter ; yet, as will be hereafter shown, there is no mental 
phenomeunn which does not involve, as its material correlate, 
some chemical change in ner\'e-ti33ne consisting in a redis- 
tribution of molecules ; so that in psychology and sociology 
likewise, our conclusions must become ultimately implicated 
with theorems concerning matter and motion. Thus in every 
department of concrete science, the leading problem ia in 
some way or other, either directly or indirectly or very 
remotely, concerned with distributions and redistributions 
of matter and motion ; and in all our specific conclusions 
eome general conclusion relating to movements of matter 
must be diitutly or indirectly or very remotely involved. 

Our course is thus still move definitely marked out. We 
must first search for the deepest attainable truth respecting 
matter and motion abstractly considered. We must pursue 
this truth and its corollaries, among the most general groupa 
of phenomena in which these corollaries are exempli6e<^ 
until we arrive at some concrete result concerning the nioet 
general aspects of that redistribution of matter and motion 
which i« evcrj-wbero going oa. And upon thia conoreta 
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result we shall find that imiversRl generalization to be based, 
the validity of which we have afterwards to certify by its 
■greement with inductiona drawn from the several gronps of 
phenomena with which the concrete sciences deal. 

Here, before proceeding further, we may fitly pause for a 
moment, to relieve a puzzling doubt which may ere this have 
disturbed the mind of the reader. Did we not elaborately 
prove, in our opening chapter, that concerning the move- 
ments of molecules and their aggregation into masses, not 
only nothing can be known, but no tenable hypothesis can 
be framed i Did we not, with full knowledge of what 
we were doing, haug up as the very aign-board of our 
iftpovTiaTtiptov or philosophy- shop, the proposition that all 
that either sense or reason can tell ns concerning the inti- 
mate structure of ft block of wood is utterly and hopelessly 
delusive! Did yie not show that the hypothesis of attractive 
and repulsive forces lands ub straightway in an insoluble 
contradiction T Did we not find it impossible to get rid of 
the difficulties which surround the conception of an atom or 
a molccnle, whether regarded as divisible or as indivisible ? 
And did we not conclude that the conception of matter 
acting upon matter is a pseud-conception which can by no 
effort be construed in consciousness ) — Yet in spite of all 
this, it may be said, we are about to base the entire following 
Synthesis upon preliminary conclusions relating to the move- 
ments of molecules and their aggregation into masses ; we 
are likely to draw inferences from the assumed intimate 
structure of certain bodies ; we have inevitably to make use 
of the hypothesis of attractive and repulsive forces ; we 
shall constantly have tacit reference to the conception of 
atoms and miilecules; and we shall be obliged to take 
account of matter as constrained in its movements by other 
neighbouring matter. Is there not here, it may be asked, a 
rtductio ad absurdum, either of the Synthesis whicli is to 
follow, or of the initial arguments upon which the claims at 
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ancli a Sj-ntliosis to Btand for the whole of attainable phflo- 
aoptiy were partly based ! 

I state this dilemma as strongly as possible, becaostt it 
forcibly iiliiatrates tlie omnipresence of Jlystery, — because ft 
shows how, beneath every physical problem, there lies s 
metaphysical problem whereof no human cunning can detect 
the solution. Practically, however, the avenue of escape has 
aometime since been implicitly indicated, — in the fifth and 
sixth chapters of these Prolegomena. In the chapter on 
Causation it was shown that, though we can in nowise 
conceive matter as acting upon matter, yet, for the purposes 
of common-sense, of science and of philosophy, it is qnite 
enough that one kind of phenomenal manifestation is in- 
variably and unconditionally succeeded by some other kind 
of phenomenal manifestation. And in characterizing the 
Subjective and Objective Methods, we saw that the truth of 
any proposition, for scientific purposes, is determined by ita 
agreement with observed phenomena, and not by its con- 
gruity with some assumed metaphysical basis. For example, 
the entire Newtonian astronomy — the most elaborate and 
finished scientific achievement of the human mind — rests opco 
a hypotbesis which, if metaphysically interpreted, is simply 
inconceivabla The conception of matter attracting matter 
through an inten'ening tract of emptiness is a conception 
which it is impossible to frame, — and Newton knew it, <» 
felt it to be so. But nowhere did bis nnrivalled wisdmn 
show itself more impressively than in this, — ^that he accu- 
rately discriminated between the lequiiements of science 
and the requirements of metaphysics and clearly saw that, 
while metaphysics is satisfied with nothing abort of abeolote 
subjective congruity, it is qnite enough for a scientific hypo- 
thesis that it gives a correct description of the obeerred 
coexistences and sequences among phenomena.* In tmtli. 
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for scientific purposea, we are no more required to conceive 
the action of matter upon matter in the case of pravitation 
than in any other cnse of physical causation. All that the 
h3rpothe3i3 really asserts is that matter, in the presence of 
other matter, will alter its space-relations in a specified way; 
and there ia no reference whatever to any metaphysical 
oecvita vis which paaaea from matter in one place to matter 
in another place. 

There is, however, no good ground for objecting to the 
ase of the phrase "attraction," provided it be employed only 
aa a scientific artifice. There ia a certain sense in which 
aeience, as well as legal practice, has its " fictions " that are 
eminently useful. The lines and circles with which geometry 
deals have nothing answering to them in nature; and the 
analyst employs a "scientific fiction" when he deals with 
infiaitesimola, since it is impossible to conceive a quantity 
less than any assignable quantity. In like manner, there ia 
nothing objectionable in using language which assimilates 
the case of a planet revolving about the sun to the case of a 
stone whirled at the end of a string; for there is real 
Bimilarity between the phenomena. So if the science of 
chemistry had been obliged to wait until all the metaphysical 
difficulties which encompass the conception of a moleciile or 
an atom had been cleared away, it might well have waited 
until the end of the world. Quite likely the "atom" in 
chemistry is as much a " scientific fiction " as the " infini- 
tesimal" in algebra; but we cannot therefore complain of 
the chemist for assigning to it shape and dimensions, pro- 
vided he makes a scientific and not a metapli; ^ical use of 
the artifice. In the region of science such a fiction is no 
more Ulegitiraate than that fiction in the region of comm'm- 
aenae by which I judge this writing-table to he solid, while, 
for aught I know to the contrary, the empty spacea between 

ealculam oTiaervatioiiibas coufcraenteni exhibeanL"— Sea Lewts, Aritloili, 
p, 03 ; ProbUmt of Li/i and Mind, toL L p. 317. 
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its partioles may be as mncli greater than the particles as die 
interstellar spaces are greater than the stars. We need have 
no hesitation, therefore, in dealing with the aggregations of 
atoms and molecules, after the manner of 'the chemieal 
philosopher, or with attractive and repulsive forces, after the 
manner of the physicist, so long as we take care that the 
substance of our propositions has reference only to verifiable 
coexistences and sequences among phenomena. 

Another possible difiBculty may be now more summarily 
disposed oC If it be urged that to frame a ^ generalization 
concerning the concrete universe as a whole " is manifestly 
to transgress the limits of sound philosophizing, since we 
can never know but a tiny portion of the concrete universe, 
and can never even know how much there is that lies beyond 
our ken ; if such an objection be urged against the nnder- 
taking planned in the present chapter, we may again appeal 
to Newton as witness in our fevour. The law of gravitation 
is expressed in terms that are strictly universal, — ^terms 
which imply that wherever matter exists, be it a million 
times more remote than the outermost limit of telescopic 
vision, the phenomena of gravitation must be manifested. 
Comte, indeed, questioned the legitimacy of extending the 
genoralizLitiou beyond the limits of the solar system. But 
his doubt, which facts so soon refuted, was based on in- 
adequate knowledge of the psychological aspect of the case. 
Kowton^s hy^vthesis situply detected and generalized the 
mixle of ttiAuitV^tation of ouo of those properties by virtne 
of which iu;\tter is matter ; and he was justified, according 
to Ihe |'riuci(\es Uid down in our third chapter, in basing 
a uuiver^U pr\^^xvii:iv»:i uivn a $:n;^> instance. The final 
te«5 of the i^rvi^*uct> of luatt^T is the manifestation of the 
gtavfMtive tcudcucy ; atul such tuu;?; be the case so long as 
w« aiv unable to !rtiudc^nd c\ivriettci8i As I before observedt 
it is quite iw^iMe that therx* :u.4y be worlds in which 
ftnin^riojd liux;;aU\>i» like curs oiv ncc biadLu:Ci> ^ni ao it k 
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very possible that there may be worlds in which there is 
neither matter nor gravity. But any such possible worlds, 
standing entirely out of relation to our experience, are 
practically non-existent for a philosophy which is based on 
the organization of experience. 

Now, though the law of evolution la not, like the law of 
gravitation, the generalization of a property of matter, it is 
still the generalization of certain concrete results of known 
properties ol matter. And the universality which in the 
following chapters will be claimed for this generalization, is 
precisely like the universality claimed for the law of grovi- 
lation. The law of evolution professes to formulate the 
essential characteristica of a ceaseless redistribution of 
matter and motion that must go on wherever matter end 
motion possess the attributes by which we know them. In 
Mr. Mill's hypothetical world where two and two make 
five, the law of evolution mtvy not hold sway. But within 
the limits of our experience, the law is a "generalization 
concerning the concrete universe as a whole ; " and ii 
it be satisfactorily verified, we shall have achieved that 
organization of scientific truths into a coherent body of 
doctrine, which has been shown to be the legitimate aim of 
Philosophy. 

Here in conclusion we may again call attention to the 
significance of the phrase by which I have designated the 
kind of philosophy that is expounded in this work. We 
may reiterate the statement, which has already been illustrated 
from various poiuts of view, that our philosophy is peculiarly 
entitled to the name of Cosmic Philosophy. For while it 
may be urged that earlier philosophies have also been cosmic, 
in so far as they have sought to offer some explanation of the 
univtrse, oa the other hand it must be acknowledged that 
never before has the business of philosophy, regarded as a 
theory of the nuiverse, been undertaken with so clear and 
distinct a conception of its .true aoope and limitations. 

I a 
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niongh other thmken, before Mr. Spencer, may haye gene* 
rallied about the concrete uniTerse as a whole, it cannot be 
denied that he has been the first to firame a verifiable hypo- 
thesis npon this stupendous scala The law of evolution 
is the first generalintion oonceming the concrete unhrerae 
as a whole, which has been framed in conscious confonnity 
to the rigorous requirements of the objective method, and 
which has therefore served to reali» Uie prophetio dream 
of Bscon, by presenting FhOosophy as an otganism of 
which the various acienoes are memboa. Obviooaly a 
fljstem which has achieved, or oonseioualy sought to addeve^ 
mch a result^ is entitled fmt gwrilniiti to the name of 
Oosmie Phflosc^y. It has been the fink to give pmctioal 
leslimtion to that sublime thou^it of two master miiid% 
which I have insmbed at the head of fliis wedL : — 

*Tb a thinber capable of eompvehendiQg it from a aii^^ 
point of view^ the univetse would prasent b«t a siqg^ fiw^ 
but one alI<ompveheusiTe tmth; and it is for Una 
Ami w% call it C<«snK>Sw and aot duoa* 
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ari^TSEsis. 

"3a anrolIkommenBr du Oesehfipf tat, deato mehr Bind dl«a* Tb«Q« 
Bbuad V pleich Oder Khnlich, Dud deito mehr gleichen ala dem Ovuen. Jc 
ToUknnuneiiar daa Oetchepf wird, desto oDiihiilicher werden dU The<I« 
dsudar. it Umliclier di» Tbeils einaiider dud, deito wonlger aai At 
«iii>itdeT inlMirdiaiil. Dia mbardinstioii der Thetle dentet auT eto volt 
feonimiterea Getohopf."— fionES, Zur Mojplulogk. 1807. 




CKAPTER I. 

MATTEE, MOTION, AND rORCB, 

IM tte tliiTd book of the " Philosopliia Positive" Conita 
obscrvea that it can hardly be by accident that the word 
" Physics," which originally denoted the study of the whole 
of nature, should have become restricted to that science wliich 
deals with the most abstract and general laws of the re- 
Birangement of Matter and Motion. Tliia is one of the 
many profound remarks scattered tbrough Comte's writings, 
the full significance of which he could hardly himself have 
realized.* For it will now appear — as the preceding chapter 
taught U8 to expect — that the study of Physics (including 
under that name, for the moment, the three abstract-concrete 
sciences) underlies the study of the whole of nature, and 
discloses those universal truths upon which a Synthesis of 
the widest truths disclosed by the concrete sciences must 
repose. It investigates the general phenomena of matter, 
motion, and force ; while the concrete sciences investigate 

' For iinmeiJinlPly Brternanl!! we And Colnte bssing the organia EoinneM 
upon physiea, but exclodrng aKtranamy, which he calls au "emnnation tram 
mal> emalks." It U inJeed difficult to see how aatronomy, which iiivolvea 
the phjsical iileax of matter, motioD, and force, can be nii emauution Irom 
metheaiitici, which iuvalves only the purely abetrnct ideu of epaue and 
Bomber. In fact, ai above ^own (port L cbnp. viii.), astronomy, no lea* 
than the other conciiite acietices. ia di^pendoDt upun phytic^ Uoir, u 
•iMwUkn, Caute waa misled Ly Ma serial orrangeueaL 
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these phenomena as manifested in particnlar groups of ag- 
gregates. The primoTdial axiom, upon which our qrnth^c 
stndj of the nniverse most be founded, is one which. is dis- 
closed bv the analytic study of the movements of masses and 
moleculesL And thus the three-fold classification of the 
sciences, by which we found it necessaiy to replace the 
simple linear classification of Comce, will fijid itself practi- 
CiiUy justified in the veiy firs: step which we take toward 
the on^ini;:ation of soientiac truths into a system of Cosmic 
Philosophy. 

For at the bottom alike of molar physics, of molecular 
physics, ard of chemistry, there lie, in fact, two universal 
pI^?:^.^^::io::sv — the one reladng to Maner, the other relating 
to Moiion. These are the far^ar pn)p->sidon8 that Matter 
i$ «':.:Vc!:"'-x,'.'jW, and :hji: ifxLi i^ ft's*fcatfoi:jL Upon the 
trurh o: :his iviiir o: cIos*ly-Tv:li:cd propositions depends the 
vilisiirv of everv c^r.olus:::! :o wLich chemis^rv or other 
br^n^'h o: phy§:.*s c^n d::Ain. li iz^tc^&d of dealing with 
cn.C:erirIf quin:::iiS a::! w^:>h:3s. :he chrniis: an<i physicist 
••lid to de-il wi:h qua:i:i:ic$ ani wei^i^s -a-liich were apt, 
wiol'.v or ::: Viir^* :o r«e auriVHiicd, th-?r^ w:;:li fe iz::z\>luced 
iu :::.-Alcu'.N:lf eIci::T*n:* finl ;o aL p.'rj.tive coodnaioiis.* 
Ani si:::x- n.cwjis o.: n*.*S5cs iisi ncl^;ilf$ f.^rm m prin- 
cir^il V4ir^ c: ••i* su>^v:-r.:it:::>:r c: ;!•? .Lr^i? ac6:ric:-coii- 
cr«e $c:e:*.>:*5», it is .''Vv\:u< : : i: *i: ;!risa? noi.-iis might 

«h-.«^«* I *%* <*^ ,**^ * "-^ <i* ^•^•^ ^,» **»*^^*»**,^4|*-»**, ••• *•* •VjL^a ■ ^ W».'\ 

wv". -i ^ •-'x-^ss^Vi^ 

I*"^ e** .■;iO!f ^'.:vi ^^i* ^v;?i\i zr^^'irsal ioj^caaoe te 

Tbtf ar'.-jj^r:* v>,v*>i i»i'2jv.;^\l ;>ci; Tr^irr^c tt'^:: » cv.&ied 
i.u.1 ,-i:jC?,\^iV. . *.>.; 'x.^:.\ :X» : .*^* ,*c v"i-V.':c i* Wi» sap- 
^*«s^^ ^>»i3 xh.'^-v^ S.V.X* >A,i a ?vt x^ ?icr).>fcjcy r? kks« 
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ing mGiny of the complex conditions in the case, the ancients 
verbaliy maintained the negations of the theorems that 
matter is indestructible and motion continuous; although, 
if they had tried to realize in thought their crude propo- 
Bitiona, they would have fouud it impossible. But gradually 
it began to be perceived that in all cases where matter dis- 
appears — as in the burning of wood or the evaporation of 
water — the vanished matter has only undergone a mole- 
cular change which renders it temporarily imperceptible by 
our unaided senses. Of the manner in which quantitative 
chemistry has demonstrated this truth, pursuing, balance 
in hand, the vanished matter through all its protean trans- 
formations, it is uuuecessary to speak. Similar has been 
the evidence in the case of motion. Observing that, the 
more effectually friction, atmospheric resistance, and other 
obstacles to the visible continuance of motion are elimi- 
nated, the longer the motion continues, the conclusion was 
reached, by the method of concomitant variations, that if 
all obstacles could be elimiuated the motion would con- 
tinue for ever. Finally, when it was shown that the ap- 
parent loss of motion caused by friction is, in fact, ouly a 
tran.s format ion of a certain quantity of molar motion into 
its equivalent quantity of tliat species of molecular motion 
known as heat, it was admitted on all sides that motion is 
indestructible, as well as matter. 

But a brief analysis will show that the twin theorems 
which we are considering have a deductive warrant equally 
valid with their inductive warrant. Deep as are the truths 
that matter is indestructible and motion continuous, there 
is a yet deeper truth implied by these two. These theorems 
are not fundamental, but derivative ; and it therefore be< 
comes necessary to ascertain the axiom upon wliich they 
depend, since here, if anywhere, must be found the pri- 
Boordial truth which we are seeking. 

Since we cognize any portion of matter whptevet only aa 
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ui aggregate of coexistent positions which ofTeT resistanc* 
to our muscular energies ; since it is primarily by virtue of 
BUch resistance tliat we distinguish matter from empty epace, 
it follows that our idea of matter is built up of exporieocca 
of force, and that the indestructible element in matter is 
its reaisting power, or the force which it exerts. Con- 
Bidering different portions of matter in their relations to 
each other, we are brought to the same conclusion. When 
we say that it is chemiEtry ^hich has proved with the 
balance that no matter is ever annihilated, we imply that 
the test of the presence of matter is gravitative force, and 
that this force is proportional to the quantity of matter. 

The case of motion is pi-ecieely similar. We cognize 
motion as the successive occupation of a series of positions 
by an aggregate of coexistent positions which offer resist* 
ance ; and the essential element m the cognition — " the 
necessity which the moving body is under to go on changing 
its position" — has been proved to result from early expe- 
riences of force as manifested in the movementa of our 
musclea. Consequently, as Mr. Spencer observes, when we 
find ourselves compelled to conceive motion as continnons, 
we find that what "defies KUppreasion in thought is really 
the force which the motion indicates. The unceasing change 
of position, considered by itself, may be mentally abolished 
without difficulty. We can readily imagine retardation and 
stoppage to result from the action of external bodies. But 
to imagine this, rs not possible without an abstraction of the 
force implied by the motion. We art obliged to eonctivt tku 
fhne as itnprfsstd in tA« ahtipe of reaciion on tlu hodiea iXai 
mmm Ou arrtsl.'' 

Or to put (.he whole cnse briefly in another form : — The 
(tutdame-ntal elements of our conception of matter are its 
force-element and its space-element, namely, resistance and 
extensiuu. The fundamental elements of our conception of 
BotioD are its force-element and itt space-aud-tuue-eleaoen^ 
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namely, energy and velocity. That in each case the force- 
element ia primordial, is showQ by the facta that what we 
cannot conceive as diminished by the compreaaion of matter 
is not ite extension but ita power of resistance; what we 
cannot conceive as diminished by the retai-dation of motion is 
not its velocity but its eiiergy. 

Therefore, in asserting that matter is indestructible and 
that motion is coutinuoua, we assert, by implication, that 
force is persis'-eiit. Our two fundamental theorems are thus 
seen to derive their validity from a yet deeper theorem, — tho 
proposition that the force manifested in the knowable uni- 
verse is constant, can neither be increased nor diminished. 

To this result, wliich we have here obtained through a 
general consideration of the problems treated by the absti'act- 
concrete sciences, we shall be equally led by any special ques- 
tion of molar physics, molecular physics, or chemistry which 
we may choose to analyze. When we say that the curve 
described by a cascade in leaping from a projecting ledge of 
rock ia a parabola of which the coordinates express respec- 
tively the momentum of the water and the intensity of 
gravity at tiie verge of the ledge ; or when we say thut the 
line followed by any solid body, drawn by two differently 
situated forces, ia the diagonal of a parallelogram of which 
the sides express the respective intensities of the forces ; the 
validity of our assertion depends entirely upon the postulate 
that the forces in question are constant in amount Annihi- 
late a single unit of force, and our proposition is hopelessly 
falsi6ed. Similarly in molecular physics, when we enunciate 
the formula by means of which Joseph Fourier founded the 
mathematical theory of heat — namely, the formula that, in 
all cases of radiation and conduction, tlje thdrmological action 
oetween two bodies is proportional to the difference of their 
temperatures — we imply that action and reaction are always 
equal between the systems of molecules which compose the 
two boilies. And the eqnality of action and reaction between 
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tyatems of atoms ia taken for granted in every proposition of 
chemistry ; as, for iustance, when we say that it will taka 
four molecules of any monatomic substance, like hydrogen, 
to saturate a single molecule of any tetratomic substance, 
lika carbon. Now to assert the equality of action and re- 
action, whether between masses, molecules, or atoms, is to 
assert that force is persistent. " The allegation i-eally amounts 
to this, that there cannot be an isolated force, beginning and 
ending in nothiug ; but that any force manifested, implies aa 
equal antecedent force from which it is derived, and against 
which it is a reaction Further, that the force so originating 
cannot disappear without result; but must expend iteelf in 
some other manifestation of force, which, in being produced, 
becomes its reaction ; and so on continually." ' Clearly, 
therefore, the assertion that force is persistent is the fund*- 
mental axiom of physics : it is the deepest truth wbicb 
analytic science can disclose. 

But now what warrant have we for this fundamental 
axiom t How do we know that force is persistent t U 
force is not persistent, if a single unit of force can ever be 
added to or subtracted from the sum-total at any momaot 
ezistuii& OUT entire physical science is, as w« fakTs aeen, ft 
BMie delusion. In such case, it is a delusion to beUen thii 
Action and reaction are always eqoal. that the stroogest bow, 
beak bf the strongest mosclea, will always send its srnnr to 
the gnatcst distanoo if otherwise VBimpaded ; it is a delusion 
to b^en that As pieasam of the atwoapheie and its tem- 
ptntam moat alwajs dfcet the hoi^ of tmkmai oiiamm 
«C akohol or inereni7, or that a aia^ Bolaoale of hJIiibiw 
will ahf^T* juat svffiM to Mtant* thna ■Akeola of cU*- 
rina. And, thia bMBg dM«as%«nr«aMnlaaeimMBbo 
bU to ttagiMUidi awl «tt oohMmm in tiia ateUi^ tf 
MMn ia dbvwn to bo hudan i SEM* te aashk w« can av la 
te malntj, tha aanihihtinn tf a fc« awto of the MMh's 
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centrifngal force may cause U3 to fall upon the Bun to 
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But how do we know that itll science is not a delusion, sincu 
there still exist upon the earth's aurface persons who will 
tell us that it is so ? AVhy do we so obstinately refuse to doubt 
the constancy of the poww manifested in nature 7 What proof 
have we that no force is ever created or destroyed ? 

Logically sjieaking, we have no proof An axiom which 
lies below all framcable propositions cannot be deductively 
demonstrated. Below the world stands the elephant on the 
back of the tortoise, and if under the tortoise we put the god 
Vishnu, where is Vishnu to get a foothold ? Nor can our 
axiom be demouptrated inductively, without reasoning in a 
circle We cannot adduce the observed equality of action 
and reaction in proof of the persistence of force, because this 
persistence is taken for granted in every obser\-ation by 
which the eqnality of action and reaction is determined. 
Obviously it is impossible to prove the truth of an axiom by 
any demonstration in every step of which the truth of the 
axiom must be assumed. 

But these resulls need not surprise or disturb ns. As we 
saw, when discussing the Test uf Truth, the process of 
demonstration, whieh consists in continually "merging 
derivative truths in those wider and wider truths from which 
they are derived," must eventually reach a widest trutli, 
which cannot be contained in or derived from any other. 
At the bottom of all demonstration there must lie an 
indemonstrable axiom. And the truth of this axiom can 
only be certihed by the direct application of the test o( 
inconceivability. We are compelled to believe in the per- 
Mistence of force, because it is impossible to conceive a 
variation in the unit by which force is measured. It is 
impossible to conceive something becoming nothing o. 
oo^mig becoming something, witboutestablishing in though! 
in eqaatioD betweeu something and nothing; and thii 
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cannot be done. That one is equal to zero is a propositioB 
of which the subject and predicate will destroy each other 
sooner than be made to nnite. 

Thns the proof of our fundamental axiom is not logical, 
but psychological And, as was formerly shown, this is the 
strongest possible kind of proof. Inasmuch as our capacity 
for conceiving any proposition is entirely dependent upon 
the manner in which objective experiences have r^;istered 
themselves upon our minds, our utter inability to conceive a 
variation in the sum-total of force implies that such vaiii^ 
tion is negatived by the whole history of the interoouxsc 
between the mind and its environment since intelligence 
first began. The inconceivability-test of Kant and the 
experience-test of Hume, when fused in this deeper synthesis, 
unite in declaring that the most irrefragable of truths is that 
which survives all possible changes in the conditions under 
which phenomena are manifested to us. The persistence of 
force, therefore, being an axiom which survives under all 
conditions cognizable by our intelligence, being indeed the 
ultimLite test by which we are compelled to estimate the 
validity of any proposition whatever concerning any imagin- 
able sec of phenomena and under any conceivable circum- 
stances, must be an axiom necessitated by the very constitu- 
tion of the thinking mind, as perennial intercourse with the 
euvirv^r.uient has luoulded it 

Mr. Mill, indeevi, in his '* S]k-)j:em of Logic,* Book iiL Chapi 
X3uL. tuAiuraius that our be Met :u the cece&sicy and universality 
of causation ^which was above shown ^ to be an immediate 
coicllAry I'lvm the jvrsisteiiv-e ot forw' resfts upon an induc- 
tion cvr «*wrfr!.:;'k*t^'wi fi/nyd^x-'n^ which isv however, valid 
in this one case. Nvau^e i* is cwx:ensiv>» with all known 
oax:er» of ph5?nou:cr.JL Ihe :aco:v.yIetenei» of this view la 
shown by :h^ fas'5 that th^ ivr^i*5<cco of focw is necessarily 
assumed in ev^iy ste^ c: Ux^ vaM ind^csioa by which Om 
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law of causation ia said to be established. Mr, Mill only 
empbnsizes the incompleteness of bis view when he repudiates 
the inconceivability-test as evidence of the law in qnestion. 
This point has been already bo fully discussed that little 
more need to be said about it here. When, in a future 
chapter, we come to deal especially with the evolution of 
intelligence, we shall see that Mr. Mill's inadequate treat- 
ment of this subject ia due to imperfect mastery of the 
Doctrine of Evolution. "We shall see that the so-called 
experience -philosophy is both wider and deeper than English 
psychologists, from Hobbea to Mill, have imagined. We 
shall see that not only our acquired knowledge, but even the 
inherited constitution of our minds, ia the product of 
accumulated and integrated experiences, pai'tly personal but 
chiefly ancestral. Upon this widex ground we shall find 
ourselves able to dwell in peace with our old foe3, the 
intuition alists, since it will be seen that the very intuitions 
upon which they rightly insist as inexplicable from individual 
experience ai'e nevertheless explicable from the organized 
experiences of countless generations. And the conclusion 
will then assert itself, with redoubled emphasis, that the 
axiom of the persistence of force, being the product of the 
entire intercourse between subject and object, since the dawn 
of intelligence, must have the highest warrant which any 
axiom can have. 

Let ns for the present, however, content ourselves with 
reproducing the psychological argument by which Mr. 
Spencer clinches his demonstration of the necessity which 
we are under to conceive of force as persistent. " The inde- 
structibility of matter and the continnity of motion, we saw 
to be really corollaries from the impossibility of establishing 
in thought a relation between something and nothing. Whgt 
we call the establishment of a relation in thought, is the 
passage of the substance of consciousness from one form into 
kuother. To think of something becoming nothing, would 
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involve that this substance of consciousness, having jurt 
existed under b given form, should next assume no form; a 
shoold cease to be consciooanesa. And thus our inability 
Qonoeive natter and motion destroyed, is our inability to sup- 
press conscionsness itselt What is thus proved true of mattei 
and motion is d fortiori true of the force out of which onr 
conceptions of matter and motion are built," Thus we see 
it ia the persistence of consciousness itself which imposes on 
ns the necessity of asserting the pereistence of force. And 
accordingly this primordial axiom being involved in eveiy 
act of conscious thinking, and being the bnsis of experience, 
"must be the basis of any scientific organization of experi- 
ences. To this an ultimate analysis brings us down ; and on 
this a rational synthesis must build up." 

The force of these considerations will become still more 
etrikingly apparent as we proceed to contemplate the roost 
general corollaries of this fundamental asiom with which the 
science of pbysica has furnished us. The first of these 
corollaries is the theorem that the relations among forces aie 
persistent. That is to say, in all cases an aggr^ate of like 
causes will be followed by an aggr^ate of like eflects. " If 
in any two cases there is exact likeness not only between 
those most conspicuous antecedents which we distinguish aa 
the causes, but also between those accompanying aotecedenta 
which we call the conditions, we cannot afiinn that the 
effiacts will diSer. withoat affirming either that some force 
has come into existence or that some force has ceased to 
exist If the cooperative forces in the one case are equal to 
those in the other, each to each, in distribution and amooot: 
Uten it is impossible to conceive the product of their joint 
action in the one case as unlike that in the other, without 
conceiving one or tnote of the forces to have increased oi 
diminished in quantity; and this is conceiving that force 
not persistent."* It foUovs. therefore, &om the persisieDM 
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of force, that there is an invariable order of succession 
between the totality of phenomena which exist at any given 
inatant and the totality of phenomena which exist at the 
next succeeding instant. No matter how many special orders 
of sequences may interlace to form the grand web of sequent 
phenomena, the order of sequences, both separately and in 
the aggregate, must be invariable. In complicated mechanical 
problems, where many forces are involved, we proceed to 
eliminate one after another by means of the principle of the 
parallelogram of forces, until at last we retain but two 
differently located forces, the resultant of which is easily 
calculabla So, in the most complex cases of cansation to be 
fonnd in nature — as, for instance, in those concerned in the 
development of the moral character of individuals — if we 
possessed the means of measuring qnantitatively the ratio of 
each set of antecedents to its set of consequents, we might 
eliminate one group after another, until at length a necessary" 
relation of sequence would be disclosed between the resultant 
group <f antecedents and consequents. As Mr. Mill observes : 
" For every event there exists some combination of objects 
or events, some given concurrence of circumstances, positive 
and negative, the occurrence of which is always followed by 
that phenomenon. We may not have found out what this 
concurrence of circumstances may be ; but we never doubt 
that there is such a one, and that it never occurs without 
having the phenomenon in question as its effect or con- 
sequence."' Our unhesitating assurance that " there is a law 
to be found if we only knew how to find it " ia thus the 
foundation of all the canons of inductive logic The 
nniforraity of the laws of nature is elsewhere called by Mr. 
Mill "the major premise of all inductions." The present 
analysis further shows us that this uniformity of law is 
resolvable into the persistence of relations among forces, and is 
therefore an immediate corollary from the persistence of foroe. 
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Besides this purely philoaopbical corollary from 
fundamental axiom, we have to note three other corollaries 
which, as belonging to the transcendental re<;ion3 of physical 
science, must be set forth and illustrated before we 
profitably begia our synthesis of 8cienti6c truths. Let u 
briefly consider these in their natural order. 

The first of these corollarieB is the generalization current^ 
known as the "Correlation of Forces." Since each mani- 
festation of force must have been preceded by some other 
equivalent manifestation of force, it follows that when any 
Bpeeific manifestation appears to terminate, it does not realfy 
cease to exist, but is only transformed into some other specifio 
manifestation. That we may better apprehend this importaot 
truth, let us clear away some of the ambiguity which 
Burrounds the terms commonly employed in the statement of 
it The phrase "correlation of forces," which means th« 
correlation of sensible motion with heat, light, electricity, 
etc., implies that heat, light, and electricity are forces. This 
is not strictly accurate. Heat and light are moden of 
nudulat«ry motion, and electricity, with its kindred phenO' 
mena, is to be similarly interpreted. Now motion is not 
force, but one of the manifestations of force; and so the 
various modes of motion, molar and molecular, aie differently 
conditioned manifestations of force. The force which pro- 
duces or resists motion is known by us only under the 
twofold form of attraction and repulsion, which may 
either polar or universal. Polar attraction or repulsion 
that which acts with different power in different directions. 
An example of polar attraction is to be found in every oaaa 
of crystallization, where molecules are grouped into a solid 
figure bounded by plane surfaces ; and a familiar exaraph 
polar repulsion is that which is exhibited when the positiv* 
poles of any two magnets are brought into mutual proxi* 
mity. Univeisal attraction or tepul3i(Mi ia that whidh. 
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Bct« with equal power in all direcfiuiis. In universal 
attraction we are accnstomed to distinguish tliree modes, 
respectively called gravity, cohesion, and ohemism or 
cbemical affinity. 

Tlie essential difference between these modes of primary 
force and the various modes of motion, is illuslmted by the 
familiar facts that gravity causea molar motion while molar 
motion does not cause gravity ; and that chemism gives rise 
to the sppciea of molecular motion called heat, while heat 
cannot give rise to chemism, thounh it may result in a mole- 
cular rearrangement which will allow chemism to manifest 
I itself. For example gravity canscs a spent rocket to ^all 
I to the ground ; but the upward motion of the rocket does not 
I cause gravity, although it results in apo,=it!op of the rocket 
' which enables gravity to reveal itself by causing downward 
I motion. So when nitrous oxide is decomposed into nitrogen 
' and oxygen, a considerable amount of heat is evolved ; hut 
1 when all this thermal undulation is restored under appropriate 
; conditions, and the compound is again formed, it is not that 
I the thermal undulation gives rise to the chemism which 
drawa the atoms of nitrngen and oxygen together ; it is only 
I that the thermal undulation results in such a redistribution 
of the atoms that their progress toward each other is un- 
I jnpeded, and thus the latent force of chemism is revealed. 
' Now the law of the correlation of forces, which perhaps 

ought rather to be called the law of the transformation of 
1 motion, ia simply the obverse of that corollary from the por- 
' fcistence of force, which affirms that whatever energy has 
I been expended in doing work must reappear as energy. The 
energy of molar motion which disappears when an arrow 
sticks in its target is really transformed into the enei^jy of 
molecular motion which is recognized partly as heat and 
partly as electricity. That the different modes of motion 
are transformable into each other, is now one of the common- 
places of physical science, and needs but little illustiution 
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hora. What is called the arrest of motion by friction is now 
known to be the change of molar motion into heat, when the 
ntbbiinj substances are alike in conatitution. — into heat and 
oloctricity. when they are unlike. In violent collisions, as 
in theohippitig of stonea with a mason's chisel, the arrested 
molar motion is partly changed into light And when an 
iron bar is suspended in the magnetic meridian and violently 
struck or contirmally jarred, a portion of the arrested motion 
rt'venls itself as magnetism. 

Tbe transformation of heat into molar motion may be seeu 
in the rise and full of the mercury in the thermometer, ot 
in the driving of a piston by the molecular dilatation of 
aqueous vapour. When lime is introduced into an atmo- 
sphere of burning hydrogen, we see the conversion of heat 
into light. And when the heated ends of zinc and coppei 
wires are brnuglit together, we see heat generating electric 
currenta. Conversely, electricity conducted down a light- 
ning-rod is partly converted into heat; and in the bright 
flashes which are followed by claps of thunder, we witness 
I'loDtrio energy pai-tly consumed in originating light* 

The phenomenon commonly called light is but a species 
of tt mode of solar energy which may be called radiance or 
actinism, and which, according to the manner in which it 
allucts our senses, is known as radiant heat, as light, or aa 
the energy which works changes in the daguerreotype-plate 
and in llie leaves of plants. The diiK'rence between the 
higher rays of the solar spectrum, which manifest them- 
Hulvea ohicQy in causing chemical changes, and the lower 
rays, which are cognized as viulet ligiit, is generically the 
•ume aa tlie difference between these and the still lower 
rnys which are cognized as indigo, blue, green, yellow, 
prange, or red light; and the same is true if we descend 
ti) th<iso still lower rays which are recognized only by theii 
thermal cfFi'cts. If we call the energy manifested in the 
tolu l>cam by the general name of actinism, we may u; 
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that actinism is transformable into all the other modtt oi 
motion. In Mr. Grove's celebrated experiment, where a 
daguerreotype-plat« is ingeniously connected with a galvano- 
meter, a gridiron of silver wire, and a heat-registering helix, 
and where actinism is the initial mode of motion, there are 
obtained "chemical action on the plate, electricity in the 
wires, magnetism in the coil, heat in the helix, and [molar] 
motion in the needles," 

In all cases where the disappearance of any given mode 
of motion is followed by the appearance of some other mode, 
the proof that there has been an actual transformation of the 
former mode into the latter ia of two kinds. Deductive 
proof is furnished by the fact that tlie only alternative sup- 
position 13 uutiiinkable, — namely, the aupposition that the 
one kind of motion has been annihilated, while the othci 
kind has been created for the occasion. Inductive proof is 
furnished by the fact that wherever it is possible to measure 
both the amount of motion that disappears and the amount 
that appears in its place, the two quantities are always foand 
to be equal. Thus the molar motion implied in the fall 
of 772 pounds of matter through one foot of space, will 
always raise the temperature of a pound of water just one 
degree of Fahrenheit. And similar quantitative correlations 
have been established among other modes of motion. 

The second corollary from the persistence of force asaerto 
that the direction of motion in any case is ^ways the 
resultant between the lines representing respectively the 
greatest traction and the least resistance exerted by the 
forces npon which the motion depends. In any plexus of 
forces whatever, the resultant of all the tractive forces in- 
volved will be the line of greatest traction ; the resultant of 
^1 the resisting forces will be the line of least resistance ; 
and the direction of motion ia the resultant of this final paii 
of tesultants follows ditectly from the persistence of force. 
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For the laat reaultaiit represents the direction and amount of 
a surplus force which remains after all the other forces have 
been equilibrated ; and to assert that this force wiU not be 
manifested in motion along this line, is to assort that forae 
may be expended without effect. Still more obvious doet 
this become, when we remember that " our only evidence of 
excess of force is the movement it produces." Since we 
know force not in itself, but only as revealed to conscious- 
ness in matter and motion, it follows that motion in any 
direction is the only proof we have that there is a surplus of 
unantagonized force acting in that direction. So that our 
theorem becomes almost an identical proposition. But if 
we aak why the greater of two opposing forces is that which 
causes motion in its own direction, there can be no auswei 
save the one already given. There is no warrant save tht, 
consciousness that the unneutralized surplus of force cannot 
cease to act. 

The simplest case contemplated by this corollary is that 
of a moving body left to itself. There being here no force 
involved, save the body's own momentum, the direction of 
motion is an infinite straight line. But since the realization 
of such a case would involve the annihilation of all matter 
save the body in question, it is obvious that no such simple 
case can ever have existed within the limits of the knowable 
universe. The simplest case of motion which can coma 
within our cognizance is really complex to a degree which 
baFSes computation. Mr. Spencer somewhere remarks that 
when a ifiau appears to be walking westward, he is really 
being carried eastward by the earth's rotation at the rate of 
1,000 miles an hour. Besides this, the earth's orbital motion 
is carrying him westward at the differential rate of 67,000 
miles an hour. Meanwhile the motion of the solar system 
toward the constellation Hercules is all the time beirinj 
in a direction neither east nor west. While, if we could 
eomprehnnd in a single view the dynamic relations uf tht 
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entire sidereal universe, ve should find that evon the 
enormouB factors already taken into the account would help 
us but little toward determining the resultant direclioQ 
in which the man is moving. The comparative ease with 
which astronomy ascertains the direction of the motions 
with which it deals, is duo to our ability to isolate oui-- 
selvfls theoretically from an imlefluitely extended universe 
of environing bodies; aud this is due to the principle, esta- 
blished by-Galileo, that the relative motions of the parte of 
aa aggregate are not affected by the motion of the whole. 
If we could include in the problem the entire knowable 
universe, we should doubtless find the real motions oi a 
planet as impossible to calculate mathematically as are now 
the motions of a corpuacle of nerve-substance when thrown 
out of equilibrium by an act of thinking, 

Nevertheless, because of this principle that the relative 
motions of parts may be calculated independently of the 
motion of the whole, we are enabled legitimately to restrict 
our views, so that motion along the resultant of two or three 
forces may be determined and predicted with a near ap- 
proach to accuracy.- Witness the ease with which we can 
calculate the orbit of a comet. But when the forces become 
more numerous, it becomes impossible to determine their 
resultant. Witness the excessive difficulty of predicting the 
direction of currents in the atmosphere. The movements of 
organisms still more hopelessly baffle our powers of calcula- 
tion. It is hardly probable that science will ever obtain 
equations for the motions of a lion in securing his prey ; yet 
that would be a very shallow philosophy which should seek 
to assure us that each one of those motions does not take 
place along the resultant of all the forces involved. To an 
Intelligence sufficiently vast, the motions of the earth in 
Bpauti would doubtless seem as complicated as those of the 
lion seem lo us. But no amount of complexity can aUec 
Ibe fuadumental principle that the direction of motion must 
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be fhe leBultant between the lines of greatest traction and of 
least resistance. 

In conclusion let ns observe that in many cases the total 
amount of traction is so small compared to the total amount 
of resistance, that for practical purposes it may be n^lected ; 
and vice versd. Thus, when a meteor fiEdls upon the earth, 
we may n^lect the resistance of the atmosphere, and say 
that the meteor follows the line of greatest traction ; and 
when a volcano throws up a column of lava, we may neglect 
the effects of gravity, and say that for the time being the lava 
follows the line of least resistance. We shall thus, without 
any considerable inaccuracy, avoid cumbrous verbiage; and 
in the case of molecular motions propagated through masses 
of matter, with which our exposition is chiefly concerned, it 
is sufficiently accurate to say that motion follows the line oi 
least .resistance. 
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The diird corollary from the persistence of foTM may besl 
be introduced by a reconsideration of the simplest case ol' 
motioD contemplated by the preceding corollary. The reali- 
zation of Galileo's first liiw of motion — the law that a 
moving body must for ever contiuue in a straight line with 
UQiforni velocity — obviously poatuhiles the non-existence of 
any other matter than that contained in the body in ques- 
tion. If there were but one body in the universe, that body, 
when once set in motion, would never alter its direction, or 
undeT^ any increase or diminution of velocity. The intro- 
duction of a second body, attracting the first and attracted 
by it, alters the result in a way which now demands brief 
consideration. If the motion with which the two bodies 
start is such as would cany them along a straight line 
toward each other, they must obviously rush together, and 
the case is thus again reduced to that of a single moving 
body. But this case is too simple to have been ever actually 
realized. What we have to deal with is the case of two 
bodies which are moving in independent directioua For 
the sake of simplicity, let us suppose that the second body, 
B, is so much heavier than the first body, A, that the 
eommcu centre of gravity ol the two lies within B'a pen- 
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pheiy. What now will be the result t The d'rtdiim of A*8 
motion, instead of remaining onaltered, will be at each 
instant deflected from a straight line in such a way that A 
will continually approach nearer and nearer to a point sorne^ 
where in advance of b, upon the line in which B is moving: 
instead of a straight line we shall have a curve of which the 
coordinates will bear to each other a ratio equal to the ratio 
between a's momentum and b's tractive force. The veloeUy of 
A will also cease to be uniform. For as soon as A has passed 
on beyond B, a portion of its momentum will be at each in- 
stant consumed in neutralizing b's tractive force, so that the 
velocity due to the remain'ng momentum, will be at each 
instant diminished. Kow, unless a's momentum be infinite; 
this process cannot go on for ever. By the time that a has 
arrived at the point directly in advance of B» so much 
momentum will have been lost that B*s attraction will 
begin to overbalance it, and the curve in which ▲ is moving 
will begin to turn back toward B. But now b's tractive 
fon>e b^ins to augment at each instant the velocity of A, 
until, by the time that A has reached a position alongside 
of B, its momentum is considerably in excess of B's attrac- 
tion, and it is consequently carried on towaid a point in the 
rear of B. The same rhythmical decrease and increase in 
a's momentum continues unul the cur\'e is completed, and 
A has reached the position from which it starred. Thus ou 
attracted body, instead of izioving in a straight line, moves 
in a closed curve of which one of :htf foci must coincide in 
posidon with the common ctnae of gravity of the attracted 
and attracting bodies^ The re^sxil: which we have here 
obtained by supposing A to be so much saialler than B that 
its lecippoad induence upon b's mo: ion mi^t be left un- 
considered, is n.n altered if we suprc«se a and B to be equ^ 
in sixcL In this case the coainion c^ntw of gravinr lies mid- 
way between the two bodies* and is the conmoa focus of thi 
two dosed curviss Ntsfvcuvely desciicvd by the^k 
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The illnstration is a very trite one, teing ftpproxiniattly 
realiied in every case of planetary revolution, but the space 
here given to it is justified by the supreme importance of the 
principle now to be generalized from it. To Galileo's first 
law of motion there is now to be added a supplemeatal law. 
Afl a single moving body, in an otherwise empty universe, 
wonld move for ever with unvarying velocity in an unvary- 
ing direction; so, on the other hand, two or more bodies, 
moving in independent directions and exerting attractive 
forces upon each other, must for ever move in directions 
which rhythmically vary, and with velocities which are 
rhythmically augmented and diminished. Thus the ihythm 
of motion is a cor^dlary from the persistence of force. Our 
only alternatives are rhythm, or invariable velocity in an 
invariable direction. The latter alternative being excluded 
by the fact tliat in the known universe innumerable bodies 
coexist, it follows that we must adopt the former, and admit 
that all motion is and must be rbytijmiuaL 

The direct dependence of this conclusion upon the axiom 
of the persistence of force is still further illustrated by the 
case of the pendulum. Let us imagine, for the sake of 
definitenesa, a heavy bob at the end of a rigid wire. When 
the bob is raised to leftward of the perpendicular, and then 
left to the action of gravity, it at once begins to descend. 
But while it is descending, gravity is at each instant addmg 
to itB momentum, so that, when it reaches the perpendicular, 
it cannot stop, but ia carried along to rightward until 
all the added momentum is lost again ; that is, until it has 
iscended to a height equal to that from which it began to 
tescend. Being rnvr left to the unhindered action of gravity, 
ihe same series of motions will occur in the reverse direction, 
«nd ao on for ever. Strictly speaking, no such case can be 
realized; since all the lost momentum is not expended in 
neutralizing gravity, but part of it is employed in communi- 
tatiiig motion to the environing atmosphere, and part of it ia 
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transformed into beat Bat if all the molar momentnin thn« 
dissipated could be retained, the rhythinio motion of the 
pendulum would continue for ever. But why ? Simply 
because the momentum acquired during the descending 
rhythm cannot cease to manifest itself, save as it is neu- 
tralized during the ascending rh} thm. And to adduce this 
reason is to appeal directly to the persistence of force. I 

The case of andulatory motions propagated among the 
molecules of matter, is precisely similar. The passage of 
an undulation implies at each instant a momentary local 
rarefaction, followed by a momentary local condensatioa 
At a given instant certain molecules are removed further 
from each other, while at the next succeeding instant they 
approach each other, and the molecules immediately adjacent 
are removed from each other. Why is rarefaction thns suc- 
ceeded by condensation ? What is it that determines the 
rebound of the disturbed molecule towards its original posi- 
tion i Obviously the progress of a pair of molecules toward 
positions farther and farther from each other is opposed by 
the inertia of adjacent molecules, which these push before 
them as they advance. The local rarefactiou is achieved 
only at the expense of an adjacent condensation. This 
tondensation of the adjacent molecules increases their ela^ 
ticity until it begins to overbalance the momentum of the 
separating pair of molecules, and then these molecules are 
driven back toward each other. And so on, without inter- 
mission. Now the recoil of the advancing molecule is 
necessitated by the fact that the elasticity which it generates 
in the resisting molecule cannot expend itself without pro- 
ducing motion. And to Bay lliis is td>recur again to oai 
fundamental axiom. 

Thus in all cases, whether molar or molecular, the rhythm 
of motion is necessitated by the fact that in a multifbrn 
universe no portion of matter can move uninHuenced by 
some other poitioo. The illustrations just given do bW 
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typify that whicli is for ever going on throiiglioiit fhe length 
and breadth of the Cosmos. Periodicity, rise and fall, re- 
currence of naasima and raininia,^ — this is the law of all 
motions whatever, whether exemplified by the star niBhitig 
through space, by the leaf that quivers in Uie breeze, by 
the stream of blood that courses through the arteries, or 
by the atom of oxygen that oscillates in harmony with its 
companion-atom a of hydrogen in the rain-drop. Always, 
as in our initial illustration, the forces wliich are. carrying 
a given portion of matter in a given direction become gradu- 
ally altered in their distribution, and in their amounts, until 
the direction of the motion becomes practically reversed; 
and whether the given portion of matter be a planet or a 
molecule, the dynamic principle remains the same, Jnat as 
Newton's law of inverse squares applies to molecules as welt 
as to masses, so the law of rhythm applies in both cases. 
Thus what we may call the elementary motions going 
on throughout the world of phenomena — the elementary 
motions by the various combinations of which all percep- 
tible motions are made up — are all rhythmical or oscillatfliy. 
The phenomena which are presented to our consciouaneas 
as light, heat, electi-icity, and magnetism, are the products 
of a perpetual trembling, or swaying to and I'ro of the 
invisible atoms of which visible bodies are composed. 
When we contemplate the heavens on a clear autumn 
evening, and mitrvel at the beauty of Sinus, that beauty is 
conveyed to our senses through the medium of atomic shivers, 
kept up during the past twenty-two years, at the average 
rate of six hundred millions of millions per second. The 
lifference between the tropical heat of India and the cold 
of the Arctic I'egions is simply the measure of nntold millions 
of tiny differences in the rates of oscillation of countless 
atoms of atmospheric gases, determined in turn by innumer- 
able O!cillatory movements propagated from the sun to the 
earth. The difi'erence between the faradaic current which 
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cures some deep-3?ated abnonnity of nutrition, ancl the 
lightning- Sash which paralyzes and kills, is at bottom ■ 
difference in amounts and rates of atomic vibration. And 
according to the latest speculationa in chemical philosophy, 
it is because of the synchronouaness or rhythmical harmony 
of the oscillatory movements described by tlieir atoms, that 
elementary substances are enabled to combine in myriadfold 
ways, thus making up the wondrous variety of forma, oi^anic 
and inoi^nic, which the earth's surface presents for oui 
contemplation. 

Since the ultimata particles of which science regards the 
universe as composed are thus perpetually swaying to and 
fro, in accordance with a law of motion that admits of no 
exception, we may expect to find that the various aggregates 
of these particles which constitute perceptible bodies will 
exhibit a like rhythm, whether comparatively simple or 
endlessly compounded, in their motions. The law which 
governs the action of the parts must govern also the action 
of tlie whoie, no matter how intricately the whole may be 
compounded. Whether it be in the case of organic or in- 
organic bodies, of complex or of simple aggregates, we mnst 
expect to come upon systems of rhythmical movements, 
which will be comparatively simple or endlessly complex, 
according to the structural complication of the bodies ia 
question. Let us exhibit a few instances of this rh3fthmical 
action, before we pass to the stupendous consequences of the 
theorem which I have been endeavouring to elucidate. Some 
of the chief instances to be gathered from astronomic phe- 
nomena have been so admirably preser.ted by Mr. Spencer, 
that I cannot do belter than to quote in full his conciw 
stat«ment, 

Along with the planetary revolutions which furnish the 
illustration with which I began this chapter, "the solar 
system prefcents na with various rhythms of a less manifest 
and more complex kind. In each planet and satellite thnt 
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is the revolution of the nodes — a elow change in the position 
of the orbit-plane, which after completing itself commenceB 
afresh. There is the gradual alteration in the length of the 
axis major of the orbit ; and also of )ia eccentricity; both of 
which are rhythmical alike ia the sense that they alternate 
between maxima and minima, and in the sense that the 
progress frcm one extreme to the other is not uniform, but 
is made with fluctuating velocity. Then, too, there ia the 
revolution of the line of apsides, which in course of time 
moves round the heavens — not regularly, but through com- 
plex oscillations. And further we have variations ia the 
directions of the planetary axes — that known as nutation, 
and that larger gyration which, in the case of the earth, 
canses the precession of the equinoxes. 

" These rhythms, already more or less compound, are 
compounded with each other. Such an instance as the secular 
acceleration and retardation of the moon, consequent on the 
varying eccentricity of the earth's orbit, is one of the 
simplest. Another, having more important consequences, 
results from the changing direction of the axes of rotation in 
planets whose orbits are decidedly eccentric Every planet, 
daring a certain long period, presents more of its northern 
than of its Routhem hemisphere to the sun at the time of its 
nearest approach to him ; and then again, during a like 
period, presents more of its southern hemisphere than of its 
northern — a recurring coincidence which, though causing in 
some planets no sensible alterations of climate, involves in 
the case of the earth an epoch of 21,000 years, during which 
each hemisphere goes through a cycle of temperate seasons, 
and seasons that are extreme in their heat and cold. Nor is 
this aU. There is even a variation of this variation. For 
the summers and winters of the whole earth become more or 
less strongly contrasted, as the eccentricity of its orbit 
iacrea£es and decreases. Hence during increase of the 
eccentricity, the epochs of moderately contrasted seasons 
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nnd Gpoclis of strongly contrasted seasons, through whicb 
iilternately each hemisphere passes, must grow more and 
more diff^reiit in the degrees of their contrast : and con- 
trariwise during decretise of the eccentricity. So that in the 
Huantity of light and heat which any portion of the earth 
receives from thfi sun, there goes on a quadruple rhythm ; 
that of day and night; that of summer and winter; that 
due to the changing position of the axis at perihelion and 
a|.ihelion, taking 21,000 years to complete; and that involved 
by the variation of the orbit's eccentricity, gone through in 
millions of years."' 

The astronomic rhythms hero enumerated are peculiarly 
intcT«sting from the fact that, owing to their comparatively 
!)imple character, they are susceptible of mathematical treat- 
mtnit, so that their direct dependence on the principle of the 
]>er3istence of force can be quantitatively demonstrated. In 
Ascending to the order of phenomena next above them in 
point of complexity — the geologic phenomena occurring od 
the earth's surface — we enter a region where such quantita^ 
tive prooC save of a very crude sort, cannot be obtained. 
The great complejcity of geologic as contrasted with astro- 
nomio rhythms is shown by the fiiot that whereas on tlie 
one hand, we can rv'adily calculate the variations of ecoentri- 
01^ in the earth's orbit which have taken place during 
uiUioDS of ymn gone 1^ or which are sure to take place 
fl«riB| miUioM «f yeu* to eooM^ on the other hand we are 
Mk jtit ahte to sng« m afipmxiaute date for the moat 
ffMMllvpooliakwUah WRr B(«thati heni^ilHre was oonnd 
wiA ^MMBB. Aoooritiig to Ur. WallMe diis epoi^ aa.y 
Wn* oooaoMd m mm Um eavuit^ ^oaauid yeaos ago^ 
«yte«A«awwUi UHgKtoikw utiy^ of at feast two 
Waktl thMaud jmi%, taA Omvwk jttvt&tm no at^ 
irhMg wfBBMKttsitt betMlf of the c^omb that s niUan d 
ywn ii ba«^ eD>.M)^ ut havv pntdaoed tiw daagsi wfaiab 





have taken place since that event Nevertheleas, though we 
cannot detenniiie the amounts and durations of the move- 
ments which have occurred dnrjng the geologio history of 
the earth, we can still securely aaaerfc that these movementa 
have been rhythmical in character. Though the verdict ia 
rendered with less precision, its purport is still the same. 
In the aUemating periods of elevation and depression which 
have succeeded each other at different places ever since , 
the earth's cmat began to be solidified, are exemplified the 
chief geologic rhythms, due to the slow deflection of the 
lines of least resistance along which the pressure of the 
earth's nucleus reveals itself by causing upward motion. 
But these immensely long rhythms are complicated by minor 
rhythmical changes of surface, due to continual shifting of 
river-beds and consequent variations in the areas of denu- 
dation and in the deposit of sedimentary strata. And these 
riiythma are still further complicated- by rhythmic variations 
in the operation of climatic agencies, entailing periodic 
changes in the amount and distribution of rainfall, in the 
size and movements of icebergs and glaciers, and in the 
activity of frost On the sea-shore we may witness the 
compound rhythm of the tides, " in which the daily rise and 
fall ander'^o a fortnightly increase and decrease, due to the 
alternating coincidence and antf^onism of the solar and 
lunar attractions"; a source from which arise the most 
minute geologic rhythms, as those which arise from the 
secular cooling of the earth, and from its ever varying 
position in space, are the most vast 

But the subject of complex rhythms ia still better illus- 
trated in biology. The commonest physiological act, such as 
eating, is dependent upon a periodically occurring sensation 
of hunger, due to a periodic excess of waste over repair. 
The taking of nutriment is accomplished, in all animals, by 
a series of rhythmical motions, — either the motions of cilia, 
or of sphincter muscles, or of jaws, or indeed, of all three at 
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once. Mr. Spencer adds th&t " the gvaUoving of food it 
effected by a wave of constriction pa&sing along the 
phagus ; ita digestion is accompanied by a muscular actios 
of the Btomach tbat ia also nndnlatoty ; and the peristaltic 
motion of the intestines is of like nature. The blood 
obtained from this food ia propelled not in a uniform cmreiil 
but in pulses; and it is aerated by lungs that alternately 
contract and expand." To this we may add that assitnilation 
is a coittinnouB process of rhythmic interchange between the 
molecular constituents of the Tarioos tissues and of the 
blood by which they are bathed; that mnscnlar action is the 
result of a series of oscillatory movements; and that nervona 
action depends upon a quickly alternating rise and fall in 
the chemical iiLstability of the molecules which compose the 
nerve-centres. All these minor rhythms are as ripples upoa 
the surface of the longer rhythm constituted by sleep and 
wakefiilaess. Becent researches hare shown that sleep itself 
furnishes a beautiful illustration of the manner in whiidt 
rhythm is necessitated by the continual redistribution of 
forces in the organism. According to the most recent view, 
sleep is caused by a diminution in the capacity of the 
eerebral arteries, which lessens the circulation of blood 
through the brain. It is the sympathetic nervB which eflecta 
this contraction of the arteries. During the day the activilj 
of the cerebrum itself supplies the stimulus which causes 
arterial blood to Sow through the head in large quantities, ao 
as to keep the vessels duly distended. But after many boon 
of activity the ratio of repair to waste ia sensibly diminished; 
there is a fall in the average chemical instability of tJM 
cerebral nerve-molecules, and a consequent diminution in ttM 
amount of cerebral stimulus ; until presently the smonnt of 
stimulus sent up from moment to moment along the 
branch of the sympathetic nerve exceeds the amount n 
the cerebrum can oppose to it. Experiment has shown 
the effect of stimulating the sympathetic neike is to 
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the imisciilar walls of the cerebval Brtmes, The supply of 
arterial blood is thus so far diminished that consciousness 
ceases. But now the other half of the rhythm begins. The 
cessatiott of conscious activity greatly diminishes the waste 
of cerebral tissue; and, although repair ia also somewhat 
lessened by the lessened blood-aupply, yet the niiio of repair 
to waste is increased. The complex nerve-moleculea are 
built up to higher and higher grades of instability, until it 
only needs a slight stimulus from without, in the shape of a 
sensation of sound or of light or oC touch, to elicit a discharge 
of nerve-force from the cerebral ganglia. This discharge ia 
instantly answered by a rusli of blood, wliich distends the 
cerebral arteries, revives consciousness, and holds in abeyance 
the contractile energy of the sympathetic nerve, until the 
decreasing ratio of repair to waste by and by necessitates a 
recurrence of the rhythm. Thus the alternation of sleep 
and wakefulness is due to a periodic variation in the ratio 
between the amount of nerve-force stored up in the cerebrum 
and the amount stored up in the sympathetic ganglia. We 
recognize this truth in practice when we seek to induce sleep 
by stimulating the sympathetic nerve with such auhstancea 
IS bromide of potassiiim. 

The phenomenon of sleep ia still further interesting as 
the most familiar instance of the dependence of biologic 
rhythms upon astronomic rhythms. All organisms, animal 
and vegetable, from the highest to the lowest, exhibit alterna- 
tions in the total distributions of their forces, wtjich coincide 
with the periodic appearance and disappearance of sunlight 
The longer astronomic rhythm, known as the earth's annual 
revolution, causes corresponding rhythms in vegrtiilile and 
animal life; witness the blossoming and leaFing of planta 
is the spring, the revival of insec* activity at the same 
season, tiie periodic tlightj of migratory birds, the hyber- 
nating sleep of many vertebrates, and the thickened coats or 
the altertrd habits of others that do not hyberuikte. If we 

z 2 



31C COSMIO PHILOSOPHY [rt 

bringiag about precisely the same state of tbings with whicli 
it started. But where there are a vast number of forces at 
work, as in the evolution of the earth and of life npon its 
surface, the probability is infitiit«Iy small that tiny pair ot 
forces can so far predominate over all the rest as to reduce 
their effecta to comparative insignificnnce. Hence the result- 
ing rhythms will not be closed curves, but endlessly com- 
plicated undulations ; and every rhythm will end in bringing 
about a state of things somewhat different from that in 
which it started. To recur to some of the illustrations abov6 
given: — No geologic rhythm of elevation and subsidence 
leaves the distribution of land and water over the earth 
exiictly as it found it. No biologic rhythm of sleep and 
wakefulness leaves the distribution of nutritive forces in 
the organism precisely as it found it; otherwise it would 
not be true that each day's functional activity is a member 
of the series of changes which ia bearing us from the cradle 
to the grave. In an exogenous tree each annual rhythm results 
in a permanent increase of woody fibre: in a mammal it 
results in at least a relative increase of the solid constitaenta 
of the body as compared with the fluid and semi-fluid con- 
stituents. And our illustration from paleontology shows 
that the series of enormous rhythms in which the history of 
organic lite consists, has introduced a new state of things in 
each geologic epoch.' 

We have now proceeded as far as a survey of the widest 
generalizations of physics can carry us, and before we attempt 
to go further, we may filly present in a single view the con- 
clusions reached in this and in the preceding chapter. 

We observed first that the three departments of abstract 
concrete science are alike concerned with the investigation of 
:he general laws of force a? manifested in the motions of 

' Hmce the theory of Vico, that wkibI progress takei place ia c.vclse i| 
whirh history literally rppiats ilaelf, ia based ujniii a very iiijilei|iule lutOW 
•d^ (^ tht ramlta of tlia coaperotuut of nuuiy iuterooliiig foliML 
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matter. By an analysis of tbe widest propositions which 
these Bciences can furnish, concerning tlie movenniiita of 
masses and niolfculea, we arrived at the axiom that every 
manifestation of force must be preceded and followed by an 
equivalent manifestation. We saw that this axiom is involved, 
alike in every special theorem with which each physical 
inquiry sets out, and in the general theorem of the uiiiforiuity 
of law and tbe universality of causation with which all 
physical inijuiries must equally set out. We saw next that 
this axiom gives rise to three coroUaries which, as expressing 
truths that transcend the sphere of any siiiyle science, belong 
to that transcendental region of knowledge which we have 
assigned to philosophy. By our first corollary it appealed 
that any given mode of motion may be metamorphosed into 
several other modes; so that, when we contemphiCe such a 
complex system of motions ss that presented by the various 
aggregations of matter upon the surface of ciur earth, it 
becomes legitimate to inquire from what antecident form of 
energy proceeded all these motions. This in<jniry we shall 
make in due season. By our second corollary it appeared 
that where motion results from tbe composition of two or 
more forces, it must always take place in the line of least 
resistance ; but that the difficulty of calculating or predicting 
this resultant line must inci'ease very rapidly with each 
addition to the number of forces wltich are concerned in 
producing it. 

Our third corollary has given us glimpses of a truth, which, 
though less immediately obvious, is equally necessary and 
equally important with any of the foregoing. We have seen 
that, in the hyjiothetical case of a single moving body in an 
otherwise empty imiverse, the direction of motion woidd be 
in a straight line, and the velocity would be uniform. In the 
hypothetical case of & single pair of mutually attracting 
bodieA moving in independent directions in an otherwise 
empty universe, the motioa would be rhythmical both in 
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direction and in Telocity, bnt it would take place in dosed 
enrrea, and the distribution of forces at the end of eaeh 
ibythm would be the same as at the beginning. In tba 
simpltist of actual ctises, however, — in the case of on 
planetaiy system, — snch a result, though apparently realised 
K> loDg as we eliminatfl from the problem all Actors aare the 
two principal ones, is not truljr realixttd ; and if we were ts 
take into account the motions of the whole system, due to 
the forces exerted upon it by remote stellar system^ we 
should see that it is very fiar from being lealiwd. Viewad 
in its relations to the entire visiUe nniTeise of stellar bodies. 
DO planet moves in a closed curve ; and if we also take into 
consideration the unceasing loss of niolecolar modon hf 
each cosmical body, we shall percei%-fl that even is Hob 
relatively simple class of cases, the rhythms are ba too cooa- 
plez ever to result in the reproduction of a given diatritxi- 
tion of forces. In the relatively comj^ex cases fumisbed by 
geology and biolt^y, this troth is still more stiikiii^ 
exemplified. Thus in the actual case with which oar iwtiiw 
has to deal — the case of a ouiveise in which innameiBUB 
millions of bodies, &om a gigantic star like Sirios down to 
an inconceivably minnte atom of hydrogen, are ceaselesify 
exerting forces upon each other — we see, not only tkat ^ 
mtfUatm most be rhythmical, hoc that every riiythm, peat 
m nwD, nmst end in some ledlstribotioo, be it { 
local, of matter and motion. 

Or to Etata this final cokclositw ia • i 
farm ; — ^Tbe mere eoexisteiMe of a vast munber of bodieB im 
the snireiee oeeessitates perpetual iliythm, tesahing ia a 
eoatinaoaa ledistribBtiaii ef matter and notion. Tbna bfA 
Bgnifieance is given to the troth v^oely surmised t^ 
Henkleitos, that ceaseless efaan-e is the law of all thii^^ 
■od l^t the «]iiveise of pbenomena is in a iiev«r«iidiBg 
lax. But the acimtifio denwastntMn ftuth« showa fa that 
*&« cbi^eii always tnm an aU stale (oanew ilat».ai4 
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thence to another new state, but never back to the old state. 
Among the untold millions of forces which science con- 
lemplates as cooperating to bi'ing about any given state of 
things, the permutations and combinations are practicuUy 
infinite ; and not uutil they have all been exhausted okd an 
exfiied epoch be reproduced in all its featuieh 
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We most now consider what nse is to be made of tlu 
imivenal truths which the foregoing survey of the abstract- 
concrete sciences has disclosed. For if we inquire whether 
these theorems, singly or combined, can be made to supply 
the materials needful for constructing such an oiganized body 
of truths as may fitly be called Cosmic Philosophy, — it will 
require but a brief consideration to show as that much moie 
is needed. 

In respect of nniversality, no doubt, these truths leave 
nothing to be desired. That every manifestation of force 
must be preceded and followed by an equivalent manifesta- 
tion ; that correlated forms of energy are transmutable one 
into the other ; that motion follows the line of least resist- 
ance ; and that there is a continuous rhythmical redistribu- 
tion of matter and motion; — these are propositions which 
are true alike of all orders of phenomena, and may therefore 
justly claim to be regarded, in a certain sense, as philosophic 
truths. Yet we need only fancy ourselves enunciating these 
abstract theorems as of themselves supplying the explanation 
of any given ordet of concrete phenomena, in order to lealiie 
how far we still remain from our desired goal If we wait 
to remind a biologist that in every step of his investtgatioat 
he takes for granted the persistence of forc^ he would doelA 
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lesB assent ; liut if we were to go on and assert that upon 
this axium might be directly reared a science of organic 
phenomena, he would laugh ua to scorn. If we were to 
aflsure him that every form of energy manifested by his 
organisms, from the molar motions of the stonincli in diges* 
tion and the lungs in respiration to the molecular motions of 
cerebral ganglia, must have pre-existed ia some other form, 
he would thoroughly agree with us, but would ask us of 
what use ia all this unless we can tiace the course and the 
results of the transformations. If we were still to insist 
that all the motions taking place in tlie aforesaid organisms 
occur rhythmically, along lines of least resistance, and that 
every such rhythm ends in a more or less considerable redis- 
tribution of molecular motions, we might still be met by the 
answer that all this does not give us a science of biology 
unless we can also point out the general character and direo- 
tioa of the changes in which organic rhythms result. 

In other words our biologist might say to us, with Mr. 
Spencer, that all these profound truths, with which we were 
seeking to take away hia occupation, are analytical truths. 
and that "no number of analytical truths will make up that 
synthesis of thouglit which alone can be an interpretation of 
the synthesis of things. The decomposition of phenomena into 
their eleraenta," {he would continue,) "is but a preparation 
for understanding phenomena in their state of composition, as 
actually manifes'^ed. To have ascertained the laws of the 
factors is not at all to have ascertained the laws of their 
cooperation. The question is, not how any factor behaves 
by itself, or under some imagined simple conditions; nor ia 
it even how one factor behaves under the complicated condi- 
tions of actual existence. The thing to he expressed is the 
joint product of the factors under all its varions aspects. 
Only when we can formulate the total process, have we 
gained that knowledge of it which Philosophy aspires to."' 
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It is necessary for as therefore, bariiig Soished nor 
analysis, to begin the work of svntfaesis. In the coarse of 
OUT search for the widest generalizatioos of Phjsicat we dift* 
covered, as the most coDcret« result of analysis, that tbeie ai 
going on throiighoat the known nnlTene a eoniinuoM* re d it 
tribtUuM of matter and motion. Let na now, following oat 
the hint of our imaginary interlocntor, endeavonr to ascertein 
the extent, character, and direction of this continnous redi»- 
tnbutioc Have the infinitude of changes tn the aspect of 
things, which the rhythm of motion necessitates, any commoa 
character, and if they have, what is that character ? Are the 
redistributions of matter and motion, which are going oo 
all around as, aimless and unrelated, or do they tend in 
oommoQ toward some definable result ? Can any (onnola 
be found which will express some dynamic principle, trae of 
the whole endless metamorphosis t 

Or, to state the case in a still more concrete form, vbao 
we assert " that knowledge is limited to the phenomenal, we 
have by implication asserted that the sphere of koowledgs ie 
coextensive with the pheuomenaL Hence, wherever we bow 
find Being so conditioned as to act on onr senses, there aose 
the questions — how came it thus conditioned ! and how wHl 
it cease to be thus conditioned f Unless on the assnmptioa 
that it acquired a sensible form at the moment of perceptioii, 
and lost its sensible form the moment after perception, ik 
must have had an antecedent existence under this sensible 
form, and will have a subsequent existence under thie 
sensible form. These preceding and succeeding existeooeB 
under sensible forms are possible subjecU of knowledge; 
and knowledge has obviously not reached its limits nntil it 
has united the past, present, and foLure histocies into a 
whole."* 

Let OB iMt fail to note that science and ordiaaijr kncnr- 
^fw) « PBnrera themaelres with such problenks m lesa tbn 
* tint iV«KV<K ^ *( K. 
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philoaopliy; and that in aeelcing to formnlate Hit fwist. 
present, and future history of that ag;gregate of Bei:3ible 
phenomena which constitutes the knowable uni\erse, philo- 
Hophy transcends the sphere of science in juat the same way 
that science transcends the sphere of ordinary knowledge 
and in no other. A lai^e portion of that imperi'ectly- 
organized knowled;;e which serves to guide the actions even 
of the least educated men, consists of informatioQ concemin<; 
the past- and future careers of the objects which sun-ound 
them. Thus we recognize the child of twenty years ago in 
the grown man of to-day ; we know that the cout which the 
man wears recently existed in the shape of unspnn and 
unwoven wool upon a sheep's back ; and that the grass 
upon which this sheep fed, consisted of matter integrated by 
coufitless seeds with the aid of solar rHdiance, And we 
know, besides, that the man and the coat which he wears, 
the sheep and the grass upon which it feeds, must alike pass 
from their present state of aggregation into a future state of 
dissolution. This kind of knowledge science is ever extend- 
ing, as when it traces back the man and the sheep to 
microscopic germ -cells, and the wool and the grass to certain 
nitrogenous and hydro-carbofl compounds, pre-existing in 
the atmosphere and soil Obviously, therefore, it is the 
business of philosophy, extending and generalizing the same 
kind of information, to describe the universal features of the 
process by which cognizable objects acquire and lose the 
sensible forms under which wo know them. 

By pointing out the two most obvious features of this 
process, we shall render still more intelligible the character 
?f the problem which a synthetic philosophy nmst attempt 
to solve. The foregoing illustrations show us that a complete 
account of anything " must include its appearance out of 
the imperceptible, and its disappearance into the impercep- 
tibla" Now a change of state by virtue of which any object 
ceases to be imperceptible and becomes perceptible, luuat be 
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a cbange ^m a state of diffusion to a state of a^regation ; 

and the canverse change, from aggregation to ditfusion, most 
be the change by virtue of which the object again becomes 
imperceptihle. If, for example, we study a cloud, we find 
that a complete history of it is contained in the explanation 
of its concentration from millions of particles of aqueoos 
vapour, and its subsequent dissipation into a host of such par- 
ticles. In like manner, if we study an organism, we find that 
from germination to final decomposition, its career consists ol 
an epoch of concentration followed by an epoch of difFusion. 
A very small portion of its constituent matter pre-existed in 
a concentrated form in the embryo ; by far the greater 
portion pre-existed in the shape of dispersed nitrogenooa 
and carbonaceous compounds, which the growing organism 
has incorporated with its own structure. Nay, even if we 
inquire into the previous history of the small portion whidi 
was concentrated in the embryo, we may trace it back to 
an epoch at which it e:iisted in a state of dispersion, u 
food not yet assimilated by the parent orgitnism. If the 
organism in question belong to an order of camivorooa 
animals, we shall indeed have to follow its constituent el^ 
menta through a series of phases of concentration ; throu^ 
the tissues of sundry herbivorous animals upon which it hai 
fed, and again through the tissues of numerous plants npon 
which these have in turn subsisted ; but in tlie end we shall 
always arrive at the host of dispersed molecules which these 
organisms have eliminated from the breezes and the trickling 
streamlets by which their leaves and roots were formerly 
bathed. On the other hand, when the animal dies, and the 
tree falls to decay, the particles of which they consist are 
again dispersed ; and though they may again be broaght 
together in new combinations, the career of the organism 
in question is ended with this dispersal Again if, instead 
of a transient cloud or a mobile organism, we contemplate 
an apparently permanent and ImmobUe rock, we are led to t 
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like ooncluaioa If ita orit;iu be purely igneoua, this rock may 
have pre-existed aa a liquid stream of matter enrging beneath 
the earth's solid envelope. If its origin be aqueoits, its con- 
stituent particles were once diffused over a wide area of 
country, from which they were drawn together through sundry 
rivolets and rivers, and here at last deposited aa sediinenL 
In either case the process by which the rock has assumed 
an individual existeoce has been a process of concentration. 
And when it ceases to exist — whether it is blasted with 
gunpowder, or chipped away with chisels, or eaten down 
by running wattr, or ground to pieces by ocean waves, or 
lowered through some long geologic epoch until it is melted 
by volcanic heat — in any case its disappearance is effected 
by a process of diffusion. 

But our account is as yet only half complete. In saying 
that the career of any object, from its initial appearance 
to its final disappearance, consists of a process of concentra- 
tion followed by a process of diffusion, wb omit an important 
half of the truth. For in making such a statement, we are 
attending only to the material elements of which objects 
are composed ; and we are leaving out of the account the 
motions, both molar and molecular, which tiiey exhibit, 
and which constitute an equally important part of the entire 
process. This defect we must now endeavour to remedy. 

A brief reconsideration of the examples already cited will 
show us that univeraany the concentration of matter is ac- 
companied by a dissipation of motion, while conversely the 
diffusion of matter is attended by an absorption of motion. 
The condensation of aqueous vapour into a cloud is effected 
whenever it loses by radiation a greater quantity of that 
kind of molecular motion known as heat than it is receiving 
from the sun and the earth ■ and when the loss of motion u 
still more considerable, there occurs a further condensation 
of the aqueous vapour into liquid rain. Conversely, when 
tolor radiance, direct or re'lected, begins to impart to the 
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conileiising clond an amDiint of molecniar motion in excess 
of that which it loses fruni moment to moment, condeDsation 
ceaaes, and the particles of vapour begin to be dissipated 
The deposit of sediment at the mouth of a river is attended 
by the loss of the molar motions which brought its con- 
Btitneot particles from the upland reijions which the river 
drains; and the hardening of the sediment into rock is a 
change to a state of aggregation in which, along with greater 
cohesion, the particles possess less mobility than before. In 
like manner the hardening of an igneous rock is effected 
by cooling, which implies the loss of internal motion. In- 
deed the phenomena of lieat and cold exhibit en masse an 
illustration of the general principle. The progress of any 
mass of matter from a gaseous to a liquid, and thence tc 
a solid state, is attended by the continuous dissipation of 
molecular motion ; while change in the contrary direction is 
attended by a continuona absorption of such motion. With 
molar motions the case is precisely similar. " Augment the 
velocities of the planets, and their orbits will enlat^; the 
solar system will occupy a wider space. Diminish their 
velocities, and their orbits will lessen ; the solar system will 
contract. And in like manuer we see that every sensible 
motion on the earth's surface involves a partial disint^iation 
of the moving body from the earth, while the loss of it« 
motion is accompanied by the body's reintegration with the 
earth." Finally, if we consider the case of organisms, we 
find that the incorporation of food into the substance of 
the tissues is constantly accompanied by the giving out of 
motion in some form of 011,'anic activity, while cniiveraelj', 
the decomposition which follows death is attended by an 
immense absorption of molecniar motion. The latter state- 
ment is proved by the fact that the elements of which gocfa 
an organism as the human body is composed, have more 
than twenty times the volume when free which they have 
when combined; and it is further illustrated by the bet 
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that dead oi^nisms, from which all supply of molecular 
motion from without is artificially cut off, are not decom- 
posed. It is thua that animal rciiiLiins are preserved for 
a^^es in blown sand iind In peat-raosa. And it is thus that 
'he carcases of primeval mammoths, intact even to the bulbs 
of the eyes, are found imbedded in arctic ice near the mouths 
of Siterian rivers, just where they were alain by the cold a 
thousand centuries ago.' 

But the study of organic phenomena shows us that our 
general theorem needs some further revision. As it now 
stands, it runs some risk of beiug supposed tn assert that the 
career of any composite body is at first characterized solely 
by the concentration of matter and concomitant dissipation 
of motion, and is at last characterized solely by the diffusion 
of matter and concomitant absorption of motion. A reference 
to the history of any organism will at once show that this is 
not the case. Wliile the human body, for example, is con- 
tinually incorporating with its tissues new matter in the 
shape of prepared food, large portions of the matter once in- 
corporated are continually diffused in the shape of excretions 
through the lungs, liver, akin, and kidneys. And while it is • 
constantly parting with motion, in the shape of radiated 
heat, of expended nerve-foi'ce, and of molar motion com- 
municated to the surrounding objects which it touches or 
handles, it is at the same time absorbinf^ large quantities of 
molecular motion latent in ita prepared nutriment But at 
30 time are the antagonist processes exactly balanced. During 
early life the excess of concentration over diffusion of matter 
results in growth. At a later date the rhythms due to the 
alternate predominance of concentration and diffusion, are ex- 
hibited in continual Buctuations in weight Tet the fact that 
the healthy body usually increases in weight up to ft late 
period, shows that ordinarily concentration is still predo- 
' The headi of these a. 
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minant. And tliis is still more convincingly proved by the 
fact that in old a^e, whea the body frequently decreases 
both in weight and in volume, the weight decreases less than 
the Tolume, There is a general increase in density, and con- 
comitant loss of mobility, due to the increased ratio of the 
solid to the fluid constituents of the tissues, and exhibited in 
tJie hardness and brittleneaa of the bones, the stiffness of the 
jiiints, th.' sluggishness of the circulation, and the torpidity 
of the brain. Finally when, in accordance with the general 
princijle of rhythm, the consolidation has gone so far as to 
become self-defeating, the antagonist process gains the 
mastery for which it has all along been striving, and the 
constituents of the body are separated and scattered. 

But the coexistence !"id alternate mastery of these two 
opposing processes, though most strikingly exemplified in the 
caae of organisms, is by no means confined to organic pheno- 
mena. Neither in the cloud, nor in the rock, wliich we have 
chosen as examples, does concentration or diffusion ever go 
on alone. The one is always antagonized by the other. 
Even while the cloud is most rapidly losing motion and inte- 
grating matter, it is receiving some solar radiance, either 
direct or reflected from the earth or moon, and the absorption 
of this radiance causes some disintegration of ita matter. 
Even while it is most quickly vanishing under the burning 
solar rays, this cloud is still simultaneously losing beat by 
radiation, and the loss tends to reintegrate it And likewise 
our sedimentary rocky deposit, while aggregating, is never- 
theless daily abraded by passing currents, and at longer 
interv.iis is perhaps cracked by those telluric vibrations 
known as earthquakes. 

As finally amended then, our formula asserts that the 
career of any composite body is a series of more or less 
complicated rhythms, of which the differential result ia, at 
/Srsi, the integration of its constituent matter and the dissipa- 
of part of its contained motion, and, at last, the diffuairi 
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nf its constituent matter accompanied by reabsoiption ol Ihe 
lost motion, or its equivalent, 

Tbu8 we are gradually reaching something like a concrete 
result. As we saw, in the preceding chapter, that rhythm 
necessitates a continual redistribution of matter and motion 
throughout the knowable universe, we now find that this 
coatinual redistribution everywhere results in alterntite con- 
centration and diffusion. Such, indeed, must inevitably be 
the result. The same universal principle of dynamics which 
prevents the perturbations in the solar system from ever 
accumulating all in the same direction, is also to be seen 
exemplified, ou a more general scale, in the law that neither 
aggregation nor diffusion can proceed indefinitely without 
being checked by tho counter-process, Unless we suppose 
that the sum of the forces which produce aggregation is infi- 
nitely greater or infinitely less than the sura of the forces 
which resist aggregation, so that either the one or the other 
may be left out of the account, we must admit that the only 
possible outcome of the conflict between the two is a series 
of alternations, both general and local, between aggregation 
and dissipation. 

It is now the time to apply to these antagonist processes 
some more convenient and accurate names than the half- 
dozen pairs of correlative synonyms by which we have thus 
far described them. The names selected by Mr. Spencer will 
ba practically justified by the entire exposition contained in 
the following chapters; but even the cases already frag- 
mentarily studied enable us partly to realize the siguificanco 
of the terms Evolution and Dissolution, by which he has 
designated these processea In Mr. Spencer's terminology, 
the integration of matter and concomitant dissipation of 
motion is Evolution; while the absorption of niotiuu and 
concomitant (iisintegntion of matter is Dissolution. Both 
these terms possess the signal advantage tliat, while they 
ftduiit of precise scieutifc definition they are at the eami 
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time cniTGntly oaed in senses strictly analogous to those in 
which taey are here employed. As we shall presently Bee, 
the phenomenti of organic Mfe are those in which both the 
primary and the Becoudary characteristics of Evolution and 
Dissolution are most conspicuously exempIiSed. Especially 
in the career of the aninial organism, these complementary 
processes are manifested in groups of phenomena that are 
more easily generalized and more immediately interesting 
than any othera of like complexity ; and to these groups of 
phettomena the t«rni3 Kvolutioa and Dissolution hare long 
been popularly applied. 

On a superfioial view it may now aeem as if we were ready 
to proceed, in the next chapter, to describe in detail the 
process of Evolution, as exemplified in that most gigantic 
instance of concentration of inattT and dissipation of motion, 
— the development' of our planetary system, by condensation 
and radiation, from ancestral nebulous matter. In this 
origin, by aggregation, of our system of worlds, and in that 
ultimate dissipation of it into nebulous matter which sundry 
astronomic facts have long taught us to anticipate, we shall 
presently find a complete and striking ilhtstration of the 
dynamic principles herein set forth. But we are not yet 
quite prepared to enter upon the consideration of these 
phenomena. We need but remember that in the develop- 
ment of the Bolar system, with its mutually dependent 
members sustaining complex and definite relations to each 
other, much more is implied besides concentration of plane- 
tary matter and diffusion of molecular motion in the shape of 
heat; we need but remember ihis, and we shall see that 
Bome furtlier preliminary study is requisite. While, Indeed, 
the primary characteristics of Evolution and Dissolution are 
those which are expressed in the pair of definitions above 
given, and which it has been the object of the foregoing 
inquiry to illustrate ; there are also, as just hinted, certain 
■econdaij characteristics which it is equally necessair tt 
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formulate. While Evolution alwa]>B consists primarily in an 
integration of matter and concomitant dissipation of motion, 
it ordinarily implies much more than this. And it is obvioOB 
that only when all the characteristics, both primary and 
secondary, of Evolution and Dissolution, are expressed in a 
single formula, can we be said to have ohtained the law of 
the continuous redistribution of matter and motion which 
rhythm neceasitatct throughout the knowahle universa 

To show how this — the most sublime achievement of 
modem science — has been brought ftbont, will be the otyeot 
■f the following chapter. 
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Laplack has BnmewheTe reminded tia that, while gmteftil^ 
rendering to Newton the homage due to him for his trans- 
cendent achievements, we must not forget Iiow singularly 
fortunate he was in this — that there was but one law of 
gravitation to be discovered. The implication that, if Newton 
had not lived, Laplace might himself have been the happy 
discoverer, ia perhaps a legitimate one, though it does not 
now especially concern ub. But the implied assertion that 
Nature had no more hidden treaaures comparable in worth, 
and beauty to that with which she rewarded the patient 
sagacity of the great astronomer, is one which recent eventi 
liave most aignally refuted. We now know that other lawi 
remained behind — as yet others still remain — unrevealed; 
laws of nature equalling the law of gravitation in universality, 
and moreover quite as coy of detection. For while it may 
be admitted that the demonstrations in the "Principia' 
■equired the highest power of quantitative reasoning y«t 
manifested by the human mind; and while the difBcultiea 
and discouragements amid which Newton approached hii 
task, destitute as he was alike of modern methods of mea> 
Burement and of the resources of modern analysis, improM 
u{K)0 ns still more forcibly the wondmiul character of thi 
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acliie^ emeu* ; it mnst still be claimed that the evccessful 
coordination of the myriad-fold phenomena formulated by 
the Law of Evolution, waa a gigantic task, requiri^ig the fuU 
exertion of mental powers no less extraordinary than those 
required by the other. In an essay published thirteen years 
ago, youthful enthusiasm led me to speak of Mr. Spencer's 
labours as comparable to those of Newton both in scope and 
in importance. More mature retiection has confirmed this 
view, and suggests a further comparisOD between the mental 
qualities of the two thinkers ; resembling each other as they 
do, alike in the audacity of speculation which propoucds far- 
reaching hypotheses and in the scientific soberness which 
patiently verifies them ; while the astonishing mathematical 
genius peculiar to the one is paralleled by the equally unique 
power of psychologic analysis displayed by the other. As 
in grandeur of conception and relative thoroughness of elabo- 
ration, BO also in the vastness of its consequences — in the 
extent of the revolution which it is destined to effect in 
men's modes of thinking, and in their views of the universe 
— Mr. Spencer's discovery is on a par with Newton's. In- 
deed, by the time this treatise is concluded, we may perhaps 
see reasons for regarding it aa, in the latter respect, the 
superior of the two. 

To give anything like ao adequate idea of the extent and 
importance of this discovery, or of the enormous mass of 
inductive evidence which joins with deduction in establish- 
ing it, is of course impracticable within the limits of a single 
chapter. We must be content for the present with ex- 
hibiting a rude outline-sketch of its most conspicuoua 
features, leaving it for the succeeding series of discussions 
to finish the picture. Let us begin by biiefly sumraing up 
the results already obtained. 

It has been ehown that the coexistence of antagonist 
forces throu^hoat the knowable univerge necessitates a uni- 
reisal rhythm of motion; and that in proportion to the 
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namljijr of forces anywhere concerned in producing a given 
set of motiona, the resuUiag rbytlims are complex. It has 
been further shown that, save where tlie rhythms are abso- 
lutely simple — a case which is never actually realized — 
there must occur a redistribution of matter aud motion aa 
the result of each rhythm. It next appeared that such • 
redistribution involves on the one hand an integration of 
matter, which implies a, concomii^nt dissipation of motion, 
and on the other baud a disintegration of matter, which 
implies a concomitant absorption of motion. The former 
process, which results in the acquirement of an individaol 
existence by sensible objects, haa been named Evolution : 
the latter process, which results in the loss of individoal 
existence by sensible objects, lias been named Dissolutioa. 
And we saw it to be a corollary from the universality of 
rhythm that, while these two antagonist processes must ever 
be going on simultaneously, there must be an alternation of 
epochs during which now the former and now the latter is 
predominant. In conclusion, it was barely hinted that these 
two fundamental modes of redistribution must give rise, in 
the majority of cases, to secondary redistributions, which 
it is the business of a scientific philosophy to define and 
formulate. 

Now, as we are abqut to start upon a long and complicated 
inquiry, the proper treatment of which must task our Utmost 
resources of exposition, it will be desirable at the outset to 
disencumber ourselves of all such luggage as we are not 
absolutely obliged to take along with us. We shall thei^ 
fore, for the present, leave the process of Dissolution entirely 
-»ut of the account, or shall refer to it only incidentally, in 
.iUKS where such a reference may assist in the elucidation of 
the counter-process. In the following chapter we shall bav« 
kccasion to treat of Dissotution in some detuil as exemplified 
in the probible future disintegration of our planetary system ; 
at present we are concerned only with Evolution, which we 



1 

-•1 

0- ^ 



I 




THE LA W OF EVOLUTION. 



have alieiuly seen to consist in the inteRration of matter and 
concomitaul diasipatioa of motion, but which, as we shall 
presently see, implies in most cast's much more than this. 
Let ua first point out the conditions under which the secon- 
dary redistributions attending Evolution take place ; and let 
na then proceed to point out the common characteristics of 
these secondary changes. 

Obviously in speaking of secondary redistributions that go 
on while a body is integrating its matter and losing its 
motion, we refer to redistributions among the parts of the 
body and among the relative motions of the parts, — or, in 
other words, to alterations in structure and function going on 
within the body. Now the ease with which such redistribu- 
tions are effected, and the ease with which they are 
maintained, must depend alike, thougii in precisely opposite 
ways, upon the amount of motion retained by the integrating 
body. The greater the amount of retained motion, the more 
easily will internal redistributions be effected. The smaller 
the amount of retained motion, the more easily will such 
redistributions be rendered permanent. These pi'opositiona 
are so abstruse as to require some further illustration. 

When water is converted, by loss of its internal motion, 
into ice, the amount of secondary rearrangement which 
occurs among its particles is comparatively slight, but it is 
permanent so long as the state of integration lasts. During 
the continuance of the solid st^te there is not enough 
mobility among the particles to admit of further rearrange- 
ment to any conspicuous extent. On the other hand, after 
steam has been integrated into water, the retention of a con- 
siderable amount of molecular motion allows internal re- 
aiTangement to go on so eaaUy and rapidly that no momentary 
phase of it has a chance to become permanent; and there 
can thus be no such stable arrangement of parts as we call 
rtructure. The phenomena of crystallization supply ua with 
tdndred, but slightly different examples. When a crj'stal if 



130 Cosmo PniLOSOPEY. [PT. l( 

deposited from a solution, there is r certain point op to which 
the retention of motioii keeps the crystal's molecules from 
uniting ; but as soon as this point 19 passed, the motion is 
suddeul}' lo«t, the crystal solidiiles, and there la no further 
redistribution of its particles. Conversely, when a molten 
metal is allowed to cool until it assumes a plastic semi-fluid 
Btate, its molecular motion is lost so slowly thata perceptibln 
rcarniogement of parts is possible: currents may be set ap 
in it, gravity will cause ib to spi-ead out wherever it is not 
confined at the side, and pressure here and there will varionaly 
mould it. Buti when it becomes solid, the rearrangements 
which occurred latest become pp.rmanent, and further re- 
arrangements cannot be produced save by a fi'csh supply of 
moleuular motion. In lilie manner, when we come to study 
planetary evolution, weshall find strong reasons for believing 
that on small bodies, like the moon and the asteroids, which 
have rapidly lost their internal heat, there has been but 
little chance for such complex aecoudary rearrangements aa 
have occurred upon our relatively large and slowly cooling 
earth. 

Even after the attainment of solidity, however, a new 
supply of motion from without may cause some further 
redistribuiion without causing the body to relapse into 
fluidity. Thus a wrought-iron rail, which when new ia 
tough and fibrous, gradually acquires the brittle crj'stalliue 
texture of cast-iron, under the inBueuce of the vibrations 
communicated by the cars which pass over it. And the 
magnetization of steel rods, when fastened in the meridian 
and Ireqnently jtirred, is cited by Mr. Spencer as a fact of 
like import. Many other excellent illustraiiuus, ^iithert:d 
tiom physics and chemistry, may be found in the thirteenth 
chapter of the second part of " First Principles."' 
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If now we contemplate in a single view tte general 
principles above illustrated, we sliall seem for a nioment to 
have got into difficulties. Unavoidably, in using the word 
Evolution, we have anygeated the idea of increase in atrnctural 
complexity ; and such increase of course implies a con- 
siderahle amount of permanent internal rearrangement m 
consequent upon the primary process of integration. Yet 
onder the conditions thus far studied, we find that " on the 
one hand, a large amount of secondary ri-'ilistribution is 
possible only where there is a great quantity of contained 
motion ; and, on the other hand, these redistributions can 
have permanence only where the contained motion haa 
become small — opposing conditions which seem to negative 
any large amount of permanent secondary redistribution." 
We must therefore search for some more peculiar and special 
couihination of conditions before we can undei-staud how 
Evolution may result in great structural complexity. 

It is in the case of organic bodies " that these apparently 
contradictory conditions are reconciled ; and that, by the 
reconciliation of them, permanent secondary redistributions 
immense in extent are made possible." The distinctive 
peculiarity of organic bodies " consists in the combination oi 
matter into a form embodyingan enormous amount of motion 
at the same time that it has a great degree of concentration." 
Let OS enumerate the several ways in which organic bodies 
are enabled to retain vast quantities of molecular motion, 
without losing their high degree of concentration. The facts 
to be contemplated are among the most beautiful and striking 
facts which the patient iuterrogatioa of nature has ever 
oUcited. 

In tiieJiTst place, while one of the four chief components 
of organic matter is carbon, a solid substance which cannot 
be lused by the greatest heat that mun can produce, the other 
Jiief components— oxygen, hydrogen, and nitrogen — are 
teases which human art ia unable to liquefy. At a temperatnra 
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bf mote than 200 degrees below the zero of Fahrenheit, maA 
under a pressure so eoormous as to Bhurt«D the steel piston 
emplo)'ed, oxygen remains gaseous ; and hydrogen and 
nitront-n display a like obstiuate molecular mobility. 24ow, 
of these four substances, carbon has the most highly com- 
pounded molecule. In chemical language, the molecule o( 
carbon is tetratomic, while that of nitrogen is triatomic, that 
of oxygen is diatomic, and that of hydrngen is monatomic 
That is to say, a single molecule of carbon will hold in com- 
bination two molecules of oxygen, or fuur molecules ol 
hydrogen ; while three molecules of carbon will hold fonr 
molecules of nitrogen. It follows that in any ot^nic com- 
pound, made up uf the four ahove-uanied elements, a large 
number of molecules, possessing enormous mobility, must be 
held in combination by a relatively small number of molecules 
possessing little mobility. And, since it is a corollary from 
the persistence of force that the sum of properties belonging 
to any compound must be the resultant of the properties 
belonging to its constituent elements, it fallows that a com- 
pound molecule of organic matter must concentrate a great 
amount of motion in a small space. If, for example, we 
suppose ten molecules of carbon united with four of oxygen, 
eight of hydrogen, and eight of nitrogen, we shall have a 
compound in which ten immobUe molecules hold together 
twenty highly mobile molecules. And while the twenty 
retain much of their mobility, the immobile ten prevent this 
mobility from disintegrating the compound. 

Here we have reached a most beautiful and marvellous 
truth. If we now proceed, secondly, to follow out the way in 
which these quantitative relations are compounded, tbe case 
will appear still more remarkable. Instead of tens and 
twenties, we have to deal with hundreds of integrated 
molecules. Instead ol such hypothetical cases as the on€ 
just cited, we have to contemplate real cases like the follow- 
JDg. A single molecule of albumen ia built up of Xm* 
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molecules of sulphur and one of phosphorus, compomiderf 
with ten organic molecules, of which each one contains fort* 
molecules of carbon, five of nitrogen, twelve of oxygen, and 
thirty-one of hydrogen. Or, to reduce the statement to 
its simplest form, — in every molecule of albumen we have 
1,600 atomic tquivulents of carbon, 150 of nitrogen, 240 of 
oxygen, 310 of hydrogen, 10 of sulphur, and 6 of phosphorus ; 
making a grand total of 2,316 atomic equivalents. And the 
molecule of Bbrine is still more intricately compounded. 

Thirdly, when we recollect that the simplest organic 
matter actually existing contains not one but very many 
albnminous molecules, and that these molecules are arranged, 
not in the crystalloid, but in the colloid form, — in " clusters 
of clustera which have movements in relation to one another," 
— we see still more clearly how vast must be the quantity of 
motion locked up within a small compass. 

Our fouTth item is perhaps the most remarkable of all. 
In the albumen-molecule, the sum of all the atomic equiva- 
lents, except those of carbon, is 716. In order to hold these 
in combination, only 716 atomic equivalents of carbon would 
appear to be needed ; yet we find 1,600 equivalents. Why 
this apparent excess of carbon ? — The answer is to be found 
in the fact that nitrogen, unlike most other substances, 
absorbs heat on entering into combination. To the mole- 
cular motion which keeps it when free in a gaseous state, 
it adds a vast quantity of molecular motion. It has been 
calculated that the union of a pound of oxygen with nitrogen, 
in forming nitrous oxide, is attended by the absorption of 
enoi^h beat to raise the temperature of 9,232 pounds ot 
water one degree Centigrade. It is probably owing to this 
peculiarity that nitrogen, which is so inert when free, is so 
wonderfully active when combined. Hence, too, we may 
.nderstand the extreme instability of such nitrogenous sub- 
b:ancea as gunpowder, gun-cotton, and nitro-glycerine. And 
hancA we may begin to discern the reason why nitiogea u 
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the roost important of the cheraical elements concerned in 
maintaining vit-al activity. Now wlien we coniiwre tliis 
property of nitrogen with the appnrent excess of carbon in 
the album en -molecule, we may fuirly surmise that the tvn, 
facts indicate a balance between the forces that tend to pro- 
duce internal rearrangement and the forces that tend to 
prevent disintegration. 

Fifthly, besides the fact that organic bodies usually possMi 
ftn amount of heat which keeps their temperature somewhat 
above that of their inorganic environment, we have to note 
the fact that all organic matter is permeated by water. 
Hence, while suRiciently solid to preserve their continuity of 
structure, organic bodies are sufficiently plastic to allow of 
much interna] rearrangement. 

If we had time, it would be interesting to go on and trace 
the facts just enumerated through many complex exemplifi- 
cations. We might comment at lengtli upon the significance 
of the facts that certain animals, as the Soti/era, lose their 
vitality when dried and regain it when wetted ; that vital 
activity everywhere demands a supply of heat, and that the 
most complex organisms are in general the warmest; that 
animals contain more nitrogen than plants, and are at the 
same time more highly evolved; that caniivorous animala 
are relatively stronger and more active than herbivoroni 
animals ; that the parts of animals which are the suata of 
the highest vitality are mainly nitrogenous, while the man 
inert piirts are mainly carbonaceous; that the highly nitro- 
genous matter composing the nervous system is nevertheleaa 
— aa if to preserve the balance — always accompanied }jy 
inert carbonaceous fat; and that, while a nitrogenous diet 
reiiders possible the greatest quantity of physical and mental 
activity, at the same time carbonaceous alcohol retards the 
waste of nervous tissue. 

But even without entering upon such a course of illustra- 
tion — which would oblige us to defer our main subject untS 



I 





THS LAW OF EVOtVTIOS. 



tnother occasion — we are now enabled to see how it il that 
organic bodies can practically solve the dynamic paradox of 
acquiring s high degree of concentration, oven while retain- 
ing an immense amount of motion. We are prepared to 
find, under these quite peculiar conditions, the strnclurnl 
rearrangements characteristic of Evolution carried on to a 
great extent. And we need not be surprised at finding these 
secondary phenomena here displayed so conspicuously as to 
obscure the eigiiificance of the primary phenomenon, inte- 
gration. It was, in fact, through the study of organic pheno- 
mena by physiologists that a formula was first obtained for 
the most conspicuous features of Evolation ; while the lese 
obtrusive but more essential feature not only remained un- 
noticed until Mr. Spencer discerned it, but was not ade- 
quately treated even by him previous to the publicatiOD of 
his rewritten " First Principles," in 1867. I think it there- 
fore advisable, in dealing with the law as generalized from 
organic phenomena, to begin by describing these most con- 
spicuous features. We shall thus obtain a clearer view of 
the whole subject than we could well obtain in any other 
way. Having shown that Evolution is always and primarily 
an integration of matter attended by a dissipation of motion ; 
and ha\'ing shown tliat iinder certain conditions, moat com- 
pletely realized by organic bodies, certain secondary but 
equally important phenomena of structural rearrangement 
may be expected to accompany this fundamental process ; 
we must next show what these secondary phenomena ara 

The exposition will be rendered clearer by the preliminary 
ixplanation of four technical terms, which will continually 
recur, and which must be thoroughly understood before any 
farther step can be taken toward comprehending the Law oi 
Evolution. These terms are neither obscure in themselves, 
oor newly coined, but becanse we shall henceforth employ 
Uiem in a etiict and special sense, they tequim carefa] 
detinitioo. 
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L An o1)ject is said to be homo^eneaia when each of its 
parts is like every other part. An illustration is aot easy to 
find, since perfect hunjogeneity is not knowa to exist. But 
there is such a thing as relative homo^'eneity ; and we say 
that a piece of gold is homogeneous as compared with a 
piece of wood; or that a wooden hall is homogeneooB as 
compared with an orange. 

II. An object ia said to be heterogeneous when its parts do 
not all resemble one another. All known objects are more or 
less heterogeneous. But, relatively speaking, a tree is said 
to be heterogeneous as compared with the seed from which it 
has sprung ; and an orange is heterogeneous as compared with 
n wooden ball 

III. Differentiation is the arising of an unlikeneas between 
any two of the units which go to make up an aggregate. It 
is the process through which objects increase in heteroge- 
neity. A piece of cast-iron, before it is exposed to the air is 
relatively homogeneous. But when, by exposure to the air, 
it has acquired a coating of ferric oxide, or iron-rust, it in 
relatively heterogeneous. The units composing its outside 
are unlike the units composing its inside ; or, in other words, 
ita outside is differentiated from its inside. 

IV. The term itUe^ation we have already partly defined as 
the concentration of the material units which go to make up 
any aggregate. But a complete definition must recognize 
the fact that, along with the integration of wholes, there 
goes on (in all cases in which structural complexity ia 
attained) an integration of parts. This secondary integrfr 
tion may be defined as the segregation, or grouping togethet, 
of those units of a heterogeneous aggregate which resemhlt- 
one another. A good example is afforded by crystallizatioo 
The particles of the cr>-stallizing substance, which resemUv 
each other, and which do not resemble the particles of thf 
solvent fluid, gradually unite to form the crystal ; which » 
thus said to be tjUegraied from the solution. Int^ratifHi U 
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also seen in the rising of cream upon tlie surrace of a dish 
of milk, and in the frothy collection of carbonic-acid bubbles 
covering a newly-filled glass of ale. 

Obviously as it is through difl'erentiatinn that an aggregate 
increases in heterogeneity, so it is through integration that an 
aggregate increases in dfjinittruss, of structure and function. 
But there is still another way in which integration is exem- 
plified. Along with increasing heterogeneity and defioitenesa 
of structure and function, the evolution of an aggregate \t 
marked by the increasing subordination of the various func- 
tions, with their structures, to the requirements of the general 
functional activity of the aggregate. In other words, along 
with growing specialization of parts, there ia a growing 
cooperation of parts, and an flver-increa.^ing mutual de- 
pendence among parts. An illnstration is furnished by the 
contrasted facts, that a slightly-evolved animal, like a 
common eartli-worra, may be cut in two without destroy- 
ing the life of either part ; while a highly-evolved animal, 
like a dog, is destroyed if a single artery ia severed, or if 
any one of the viscera is prevented from discharging its 
peculiar functions. This third kind of integration is the 
process through which an evolving aggregate increases in 
coherence. And with this, our definition of the factors which 
concur in the process of evolution is complete. 

We are now prepared to show inductively that wherever, 
as in organic aggregates, the conditions permit, the inteffration 
of matter and concomilarit dissipation of motion, which. 
primarily consfitutes Evolution, is ailcndcd bi/ a continmum 
change Jrori indefinite, incoherent homogeneity to definite, 
coherent heterogeneity of structure and function, through 
etteeessive differentiations and integrations. In illustration ol 
this statement, let us describe first, some of the differentia- 
tions, and secondly, some of the integrations, which suc- 
cessively occur during the development of an individual 
oiganism. 

VOL.L X 
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Two ccntnriea ftj^ the researches of Harvey on generation 

established the truth that every animal at the outset consisU 
simply of a structureless and hornoneneona germ. Whether 
this germ is detached from the parent organism at each 
generation, as in all the higher animals, or only at intervals 
of several generations, as for example, in the Aphides m 
plant-lice, mattera not to the general argnment. In every 
case the primitive state of an animal is a state of relative 
homogeneity. The fertilized ovum of a lion, for instance, 
possesses at first no ohvious characteristic wherehy it can be 
distinguished from the fertilized ovum of a man, a dog, a parrot, 
or a tortoise. Each part of the germ-cell is, moreover, ai 
nearly as possible like every other part, in molecular textnre, 
in atomic composition, in temperature, and in specific gravity. 
Here in two ways ve may notice how homogeneity is 
eventually succeeded by heterogeneity. In the first place, 
all animal genns are homogeneous with respect to each 
other, while the animals developed from them present all 
kinds and degrees of diversity ; and, in the second place, 
each germ is hnrmgeneoua with regard to itself, while the 
creature developed from it is extremely heterogeneous. The 
vegetable world exhibits a state of things essentfallj Um 
same, though less conspicuous in its contrasts. 

Starting from the homogeneous germ, we may follow oot 
a parallel series of differentiations, resulting respectively in 
molecular renrrangementa of chemical elements and in 
molecular and molar modifications of tissues and organs. 
The chemical differentiations have been so well and so oon- 
cisely described by Mr. Spencer that I cannot do better than 
cite the passage entire ; — " In plants the albuminous and 
amylaceous matters which form the substance of the embiyOi 
giv) origin here to a preponderance of chlorophyll and there 
to a preponderance of cellulose. Over the parts that are 
becoming leaf-aurfaces, certain of the materials are meta- 
morphosed into wax. In this place starch pasaes into one <4 

U d 




CB. W.] THE LAW OF EVOLUTION. 



its iaomeric equivalents, su;:;ar; and in that place into 
another of its isomeric equivalents, giim. By secondary 
ciiange some of the ceHuIoae is modified into wood; ■while 
snme of it is modified into the allied substance which, in 
large masses, we distinguish as cork. And the more numer- 
ous compounds thus gradually arising, initiate further un- 
likenesses by mingling in unlike ratios. An animal ovum. 
the components of which are at first evenly diffused among 
one another, chemically transforms itself in like manner. Its 
protein, its fats, its salts, become dissimilarly proportioned 
in different localities ; and multiplication of isomeric forms 
leads to further mixtures and comhinationa that constitute 
many minor distinctions of parts. Here a mass darkening 
by accumulation of hEcmatine, presently dissolves into 
blood. There fatty and albuniinous matters uniting, compose 
nerve-tissue. At this spot the nitrogenous substance takes 
on the cliaracter of cartilage ; and at that, calcareous salts, 
gathering together in the cartilage, lay the foundation of 
bone. All these chemical differentialions slowly and in- 
sensibly become more marked and moifl multiplied."' 

The difTerentiations of tissues and organs are equally 
interesting. In the growth of any exogenous stem, the 
outer layer, or bark, first becomes distinguished from the 
woody interior. Then while the bark gradually becomes 
differentiated into the liber, made up of woody tissue, the 
green and corky envelopes, made up of parenchyma, and the 
epidermis ; the interior becomes differentiated into the pith, 
the medullary sheath, the woody layer, made up of bundles 
of greatly elongated cells, and the medullary rays, or what is 
called the silver grain in maple and oak. Meanwhile 
between this heterogeiieous bark and the heterogeneous 
wood which it surrounds there appears a zone of delicate 
cells, charged with dextrine and other assimilable matter, 
uid known as the cambium layer. At the same time 
> PirX Prineifln, p. BSt. 
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differenliations are going on at the Tipper extremity of thii 
complicated structure. Portions of the green envelop* 
protrude from between the liber and the epidermis, accom- 
panied by tough fibres sent forth partly by the liber an-i 
partly by the woody layer. While the green portions flatten 
out horizontally, the fibres ramify thTOu;;h them and serve to 
BlifTen tliem; and thus is developed the leaf, which, when 
mature, usually exhibits a further ditferentiatioD between 
blade aud petiole, while by a continuance of the same process 
stipules often appear at the base of the petiole, Kor is thia 
the end of the story. For while the chlorophyll-cells that 
make up the upper stratum of the leaf-tissue remain densely 
crowded, and are often covered by a wax-like cuticle, makiug 
the upper surface smooth aud glossy ; the cells composing 
the lower stratum become less and less crowded, until the 
result is a spongy surface, filled with innumerable pores, 
through which the moisture of the plant may be exhaled 
Finally a differentiation arises between the axillary bud\ 
some of which elongate into branches, repeating the chief 
characteristics of the stem, while others are developed under 
the slill more heterogeneous forms of flowers, with theii 
variously-cleft calyx and corolla, and their varioualy-coni' 
pounded stamens and pistils. 

In the fertilized mamnmlian ovum the earliest step toward 
heterogeneity consists in the division and redivision of the 
nucleated embryonic celL As the cell-nucleus giowa, by 
continuous integration of the nutritious protoplasm in whioh 
it is imbedded, it elowly becomes grooved, and ultimately 
divides into a pair of nuclei, about each of which is formed 
a cell-wall. This process continues until the entin yolk ia 
absorbed, by which time it has become differentiated into A 
mulberry-like mass of cells. And tlu'se cells, at first all 
alike spherical or nearly so, become cl ub-shaped or hexngona] 
or pointed, as the mass further consolidates and squeeze! 
them together, A grand differtmliation next occurs between 
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Ihe outer and inner portions of the yolk-masa: the outer 
cells become flattened and presst'd togetliev. so ae somewliat 
to resemble a mosaic pavement, and thus foi'm a peripheral 
membrane. As this membrane continues to thicken by the 
integration of adjacent materials, it differentiates ioto two 
layers, wrapped the one witliin the other, like two coats of 
an onion. The outer layer, or ectoderm, absorbing larger 
quantities of nitrogenouB matter than the other, ia the one 
wiiich by further immense differentiation ia destined to 
produce the bony, muscular, and nervous systems; while 
the inner layer, or endoderin, is destined to produce the 
digestive apparatus Between these two, by a further 
differentiation, arises a vascular layer, the rudiment of the 
circulatory system. Now on the interior surface of the 
endoderra appears a grooved channel, of which the edges 
gradually rise and fold over towards each other until joining 
they form a tube, — the primitive alimentary canal. At first 
nearly uniform, this channel becomes slowly more and more 
multiform. Near the upper end it bulges so as to form a 
stomach, while the long lower portion, variously wrapped and 
convoluted, is differentiated into the small and large intestines. 
From various parts of tlie now heterogeneous canal, there 
bud forth varioualyHDrganized secreting glands, — those which 
make saliva, and those which make gastric juice, bile-cells, 
pancreatic cells, and intestinal follicles. While from the 
exterior coat of the endodiH-m, thus wonderfully transformed, 
there shoot out, near the upper end, little flower-like buds, 
which by and by become lunga In the interme<liate or 
vascular layer, equally notable differentiations simidtaneously 
Dcoar. The vascular channels become distinguished aa veins, 
arteries, and capillaries, " The heart begins as a mere 
*figregation of cells, of which the inner liquefy to form blood, 
while the outer are transformed into the walls." Presently 
the auricle, or chamber which receives blood, ia differentiated 
from the ventricle, or chamber which expels it; aud still later 
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a partition-wall divides first the ventricle and afterwards tlio 
auricle into two portions — one for the venous, the otber for 
the arterial blood. Along with all these changes, parallei 
processes, too numerous to be more than hinted at, are going 
ou in the ectoderm. Masses of nitrogenous cells here give 
rise to musclep, which ramify through the whole interior of 
the embryo ; and there to cartilaginous structures, in which 
deposits of earthy phosphate, hardening around certain 
centres, generate bone. The nervous system, first appearing 
as a mere groove upon the surface of the germinal membrane, 
finally exiiibits an almost endless beterogtnety. First there 
is the diEference between grey and white tissue, of which the 
first generates the peculiar kind of molecular motion vaguely 
termt:d nerve-force, while the latter transmits such motioa 
Then there are the differences between the nervous centres 
which, difi'erently bundled together, make up the cerebrum, 
the cerebellum, the corpora quadrigemina, the loedulla 
oblongata, the spinal cord, and the sympathetic ganglia, each 
of which aggregates is extremely heterogeneous in itsell 
And then there are the inuumerable diflerences entailed 
by the highly complicated connections established between 
one nervous centre and another, by the inosculations ol 
different sets of nerves with each other, and by the circum- 
stance that some nerves are distributed upon muscles, others 
upon glands, and others upon ganglia. 

These must suffice as examples of differentiation. To go 
on until we had exhausted the series of diflerentiations which 
attend the evolution of a single ind'vidual, would he to writ« 
the entire history of an organism, and thus to convert ovn 
philosopliic discussion into a special scientific monograph. 
That history was long since thoroughly written by Von B 
Following out hiuta furnished by Linnaius, K. F. Wolff j 
Goethe, and Schelling, this illustrious enibryologist announced { 
in 1829, bis great discovery that the progressive changa | 
from homogeneity to heterogeneity is the change in whiok | 
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organic evolution essentially consista. It was this formula 
which Mr. Spencer began, some twenty yeara later, to ex- 
tend into the iiniversiil law of evolution. But, far from having 
anticipated the essentiul portion of Mr. Spencer's discovery. 
Von Eaer's formula stands in much the same relation to il 
in which the speciilntions of Copernicus stood with reference 
to the discovery of Newton. Just as Copernicus was essen- 
tially in eri'or in maintaining that the planets revolve iu 
circular orl»its. Von Baet was essentially in error in considering 
the process of differentiation as the fundamental charac- 
teristic of evolution, as well as in ignoriug the process of 
integration. The whole foregoing exposition has shown, and 
the entire remainder of the exposition will still further con- 
vince us, that the fundamental chiiracteristic of evolution is 
integration of matter with dissipation of internal motion; 
and that the change from homogeneity to heterogeneity is 
but the secondary rearrangement which results wherever the 
retained motion is gieat enough to allow it. 

Still more, in ignoring the process of integration, Von Baer 
failed to include iu his formula that chiinge from indefiniteness 
and incoherence todefinitenessand coherence, which is equally 
important with the change from homogeneity to heterogeneity. 
In the evolution of an organic germ, integration is just as essen- 
tial a part of the whole process as dift'erentiation. If the latter 
were alone to take place, the result would simply be a 
chaotic medley of organs and tissues. Both operations are 
requisite to produce a system of or>;ana capable of working 
in concert. And if differentiation goes on, unattended by 
integration, in any part of the body, disease, and often death, 
la the result. Cancers and malignant tumours are merely 
indefinite results of differentiation, which, never becoming 
integrated into harmouy with the rest of the organism, end 
by maiming and dually destroying it. As Dr. Beale has 
•hown, a cancer is a new variety .jf cellular tissue, fungoid in 
shaiacter, which grows at the expense of the organism, and 
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eafs It up as efTectually aa a camivoKHis enemy could 
eat it. To employ iiii inatructive metaphor, a cancer is |., 
rebellion withiu the orgaaism, — a settiug up of an indepen- 
dent centre of governnieut, — a fatal iuterfprence with tha 
subordination of the parts to the whole. Yet the organism 
in which a cancer has bi'gun to ^row is more heterogeneona 
than the healthy organism. In like manner the first stages 
of decomposition increase the heterogeneity of the organism 
as a whole ; but because each new retrograde product follows 
henceforth a career of its own, free from the control of tha 
organic aggi'egate, the result is not evolution, but dissoIutioD. 
The dififerentiations which occur during the normal growth 
of the germ, differ from those which constitute caueer and 
gangrene, alike in their common subordination to the pri- 
mary process of growth, and in the defiuiteness of the 
resulting stmcturea. "In the mammalian embryo, the heart, 
at first a long pulsating blood-vessel, by and by twists upon 
itaelf and integrates. The bile-cells constituting the rudi- 
mentary liver, do not simply become different from the wall, 
of the intestine in which they at first lie ; but as they 
accumulate, they simultaneously divei^e from it, and con- 
solidate into an oi^u. Tin anterior segments of the cerebro- 
.spinal axis, which are at first continuous with the rest, and 
distinguished only by their larger size, undergo a gradaal 
union ; and at the same time the resulling head folds into « 
mass clearly marked off from the rest of the vertebral column. 
The like process, variously exemplified in other oi^ana, ia 
meanwhile exhibited by the body as a whole; which be- 
comes integrated somewhat in the Bnme way that an outspread 
handkerchief and its contents become integrated when ib 
edges are drawn in and fastened to make a bundle." Mr. 
Spencer, from whom I have quoted this embryologic illus- 
tration, goes on to cite parallel instances in the development 
of lower forms of animal life ; a few of which may be hfire 
Epitomized. In the growth of the lobster from its embi;<^ ■ 
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number of calcareous spgmenta, orifrfnally separable, become 
integrated into the coinpiict boxes which envelope the organs 
of the head and thorax, A similar concentration occurs in 
the spider, the bee, and the butterfly. In coutrast with this, 
we may profitably observe what goes on in many annuloid 
worms, where the multiplication of segments by differen- 
tintion results iu the fission of the nuimal into two distinct 
individuals, because the integrating power of the organism is 
slight^ Similarly in the development of the higher crttsta- 



' Here, vlthont prejailice to tfae genpral sreninent, I may call a1.._ 

tlie very iiix«niouB ny potlieaia propotiDdeil by Mr. Spencer, to accouot for the 
origin of tha aunulosa or articuliitad BQti-kingilom of animals. According to 
this bypoIlieBLB, any nnnnlose animal is in rlHlitir a compnimd oT^nism. each 
of ita sd^ents L«prr.'KntiaR what wns orif^nolly a distinct iadividiiaL In 
other words, an annuloBe animal ia a colony or community of animals vhich 
have become integrated into on individual animal. Strong primi foot 
eyidoncB of such a linear joining ol indiTiduals primBvally separate ia funiishwl 
by the ttracture of the lowest annelids. Bstween the auccossire aegmenta 
thera ia almost complete identity, both iuterua) and exteiuol. Each segment 
ii physiologically an entire creutnre, posataaing all the orgona neoeaaary for 
indiTidual cumplstfineas of life ; not only legs and broachiK of its ova, bat 
also its own nerve-centres, its own reproductive organs, and frequently its 
own pair of eyea. In many of the iiileatinal worms each segment bus an 
entire reproductive apporetus, and being hermaphrodite, constitute! a com- 
plete BDlmal. Moreover in the development of the ambryo the segmenti 
gniw from one another by fission oi gemmation, precisely as colonies of com- 
poimd animals grow. At the outset the embryo annelid is composed of only 
one segment. Tlie nnitiSeren tinted cells cootainetl in this segment, instead 
of buing oil employed in the formation of a beterogeneons and coherent 
■tmctnre within the segment, as would be the cose in an animal of higher 
type, proceed very soon Ko form a second segment, trhich, instead of acparot- 
in^C as a new iniliridual, remains partially attached to the first. This pijcest 
may go on until huudreds of segments have been formed. Not only, nion- 
tver, does spuiituneous fission occur in nearly all the orders of the annnlose 
Mb-kingdom, but it is a familiar tact that artilicial liaaion often results in the 
formatlDn of two or more independent animals. Bo aeif-suOicing are the 
piirta, that when the common earthnotm is cut in t«o, each half vontlniiea 
Ita life as a pertect worm, — as is above observed, in the text. Very sigoiS. 
(ant, too. ia the fact that in some genera, aa in ch<etogasteT, where the [lerfect 

ndividual consists of three segments, tlicre is formed a fourth s^uient, 

,-bich breaks otf from the rest and becomes a new nnimal. 

All thesn facts, together with maoy otbora of like implication, point to tha 
.(Delusion that the type of nnnulosa has arisen from the ooaleiicance, in a 
•jnev series, of little Kpheroidal animals primei'ally distinct from one 
another. How are we to explain, ot classify, such a noalesceuce t May w« 
not most plausibly classify it as a cms of arratcd rrjiroductim b]/ rpontancout 
fimtml Ik other wordi, whereaa the aboriginal annuloid had been ia filt 
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ceaB9, the parallel chains of ganglia, which iX>Q3Htute tbt 
nervous eystem of the embryo, uuite iuto ft single chain. 

htMt at prodncing by gcmmnlinn i ipcond jaiiividail which K;^rat«d itielf 
■t a cnrtua Bt.ige of growlb, tbors came » time when such wpantioD bacunt 
KTetted befora comp^tioQ ; «o tluit, instead of a seriai of iuilepeddeol orp- 
nUms, tbe result wa» s colonjoForgiuiiiinii linked toj^etber in ■• liiiewchiUL 
lilt nil obaerve that by this brilliuit vxpliinatioa tlie origin ot the aoDBlon 
type is completely assimilated to tbe onKin of Ihe lotri'sl nnimsl ami TeRcla] 
types. Thn priiiiorilial t]'i<e alike of the vrgetable aud of tlie auiiual, ii • 
single epherictti or ipheroidul fell, wliicb reproduce* itself by apt>Dtancam 
lisaion. That ia, it glongntei Until room is made for k second DuclfUs, after 
which a notch appears iu the celt-wall between tha nndei ; and this notch 
Jeepene until the old and new cells are quite separated from each other. 
Now when many snch primonlial uvlls an enclosed in a common membrane 
so that, iiutead of uehi«ving a complete aeiiaration, they multiply into • 
jelly-Iilie or mnlbeny-like mass, there is loruiud — wbether the case b* 
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□ tlie vegetal kioKdam — an organLsm of s type o 
le simple cell. There is an opportunity fordillerontJr 
conditioned cella comprised in the same mass to becuina differently ^odifie^ 



and thus to suliserve viLrions fuauCiona in the economy of the urtianiiim. 
There is a chance for division and comhinatioa of laliuur among the parta 
Now the pratireas achieved when the spheroidal memben of an aouuk^d 
compound remain partly connected, insieod of f cpatating, is precisely aiinikr 
to thia. Among Ihe indubitably compound animals of ccelenterale or mol- 
luscoid type, in which the fiiisian is not arrested, it is but seldom that tha 
individnale stand related to one another in such a way that there can be a^ 
need of their aeverally perrormiiig diverse aud specialized functiona. Fm 
iujtanoe. amonK the hydrozoa, each luember of the compound can |^t food 
for itself, can i't|ianil or contract its tentacles in any way without aBeeting 
the general uellare of the compoQud. But now, if the members of snob a 
compound as tha liypotheticaJ primitive aunuluid are grouped in »■ Uneir 
series, there must arise a difference between tha conditions which affect At 
extreme members of the series and the conditions which atTect the 
intermediate metnbera. And cousequeiillr there will ensue an advantage to 
tbe compouud in the stiu^^tc far Ule, if tne meniWrs, Instred o( coutinning 
to pel-form idi'uticairuiiciii>naac|mratety, beoomesulfidcnily united to allawd 
their perfoTmiiig dillcreut tuiictiuu't iu concert. Hence we obtain the lowest 
actual tyj-e of aiinntoid, in which the segments ere mere repetitions uf oocji 
other, with tbe exception of the extreme front and i-ear segments, which 
■ubserve different luuctious related to tbe welfare of tbe sggnrgute. 

Viewed Id tliis li(;lit. the variaua j^reat clsaaes ot the aiinuTose sub-kingdom 
beautifully illunirnte thst progressive coordinstion of jiana becoming mar* 
ind more nnlike one another, which is the chief characleiistic of Evolu^oa 
u disiilayed in tbe ori>aiiia world. In *er^ low snnetids, such aa the iiit««> 
tiual woima, we see hardly any special izaiion among the parts ; and as «e 
proceed npwarda through tne lower types, ending with the myrinpoda, we 
meet with a great but varying number of segiiienta, which show but little 
special iistion save in the head and laiL The same is true in ueucnl of tbe 
larva aud caterpillaia of the higher ly|>e*. But as we rise to tCa adult forral 
of the insect -group— comprising cnnlsceana, am.'linoids, and true insect*— 

, . .. ....,_ -r ... .. ,.. , ._ j,|,j twenty. And whUe tbil 

s undergone bf diSeienl Ml 
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The same kind of iotegratioa may be traced in the nGrvous 
Bystema of iusecta ; aud the rcpioductive system of the verte- 
brata fuFQiahes like iustaiices of coiilescence which are so 
conspicuous that they are now usually made one of the 
primary bases of classification in this sub-kingdom. The 
reason why Von Baer overlooked this essential process, ia pro- 
bably to be found in the fact that each secondary integration, 
resulting in increased definiteness, serves to make the accom- 
panying differentiation still more prominent. The differr'n- 
tiation of lungs, for instance, from the outer coat of the 
endoderra, becomes marked in proportion as the flower-like 
buds become integrated into oi^ans of definite contour. But 
while the two correlative proct'sses go on hand in liand, it 
is none the less true that they are distinct processes, and 
that B, comprehensive formula of evolution must explicitly 
describe them both. 

In further illustration of this twofold aspect of evolution, 
we may cite a fact which will by and by be seen to have 
other important bearings, but which may here serve as a 
valuable appeudix to the foregoing discussion. This is the 
fact that, in ranking different organisms as high or low in 
the scale of life, we always proceed chiefly with reference to 
the degree of heterogeneity, definiteness, and coherence which 
they exhibit. Those plants and animals which we rank ag 
lowest in the scale are simply cells, like the homogeneous 
cells from which higher plants and animals Hre developed. 
So little specialized are these forms that they do not exhibit 
even those characteristics by wliich we onlinarily distinguish 

mgnU in confonnitir to the reqnlnmeDti of th« ifrgregate ue KlmosC endlsM 
tu Tiriety, tbs eztremei, both of concPntr&tioD uid or specialkBtiixi, b«ing 
mien in dio ant, Ibe ipidvr, iitd thn crab. Id manj of tbe ileUiU of thU 
p^dual fustoii of distinct iudividualiinto s cohereat wbuls, we sea llio hy]io- 
khesU intereatitigly illustrBted and ju^iilieii!. In the Aunulids of low type, 
rach Htgtnent hus its own apiraclra which hare no internal cotumnuioalioo 
with oue Buoiher. Ou the otlier hand, in the luseci-group tliiTs is a uom- 
nlelB ■rst*™ of vessfia connoi'ting tlie respiratory ajnioma. While i. 
mtenncdJatc mTiiapoda wa Bud, u night M expected, » pv*'*' ~""' 
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reaiTangeroenta of the matter of which organic Ixtdiea aro 
compostid. It remains to be shown how the rearrangemeDts 
of the motion retained by developing organisms exhibit the 
same characteristics, and manifest theniselvea as differentia- 
tions and integrations of function.. All oi'ganic f'-inctions aie 
either molar motions of contractile muscles, or of circulatory 
fluids, or else they are molecular motions in nerves, or in 
secreting organs, or in assimilative tissues in general To 
show bow these varioua motions become more specialized 
and more consolidated as the organism is developed, let us 
briefly reconsider the case of the alimentary canal, whose 
structural modifications were lately described. Tii^ primitive 
alimentaty canal exhibits from end to end a tolerably uni- 
form series of molar motions of constrictioiL But as the 
canal becomes more heterogeneous, the molar movements in 
its diderent parts simultaneously become more unlike one 
another. While the waves of contraction and expansion 
remain constant and moderate throughout the email in- 
testine, they are replaced in the cesophagua hy more violent 
contractiona and expansions that recur at longer rhythmical 
intervals. In the stomach the mechanical undulations are 
BO much more powerful as Xo triturate the contained food. 
and their rhjthma are differently compounded ; while the 
movements of the mouth are still further specialized in the 
actions of biting and chewing. In the molecular motions 
constituting secretion and absorption there is a similar 
specialization. While absorption is confined chiefly to the 
urea covered by the lacteals, secretii^n is specialized in 
various localities — in the salivary glauds, in the gastric and 
intestinal follicles, in the liver, and in the pancreas — and in 
each place it has acquired a peculiar character. A like 
increase in heterogeneity and definiteness marks the circu- 
latory movements. In a slightly-evolved animal the nutri- 
tive fluid, answering to blood, moves about here an(^ there at 
seeming random, its course being mainly determined by Ibt 
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Irwal preagare of the tissues. Rat in a liigMy-evolved 
animal, which possesses a well -developed vascular system, 
the blood runs in definite channels, and with well-mnrked 
differences of movemeDt. Its movement ia slow and oon- 
tinuous in the capillaries, fast and continuous in the veins, 
still faster but discontinuous in the aitcriea; while the 
rhythms in all nre subordinated by the central rhythm of 
the heart Still more remarkable, in the most complex 
oi^nisms, is that kind of functional integration which 
consists in the mutual dependence of different functions. 
Neither alimentation nor circulation nor respiration can go 
on alone ; and all three are dependent upon the continuance 
of nervous action, which in turn depends alike upon each ai 
the three. A few whiffs of tobacco, for example, setting up 
slight molecular chanijes in the medulla oblongata, increase 
the heart's rate of pulsation, and stimulate every one of the 
alimentary secretions, while it is probable also that, through 
the medium of the sympathetic ganjilia, the sectional area 
of every artery is slightly altered. The cautious physician, 
in prescribing a powerful drug, knows that he is dealing with 
an integration of motions so extensive that the disturbance 
of any one will alter the directions and composition of all 
the otliera to a degree which baffles accurate calculation. 
Contrasting with such cases as these the homogeneous, inde- 
finite and uncomhined movements of those lowest animals, 
that are borne hither and thither by the vibrations of cilia, 
It becomes evident that the formula wliich expresses the 
structural evolution of matter, expresses also the functional 
evolution of the motion which the integrating matter 
retains. 

Embracing now in one general view the various kinds o( 
transformation exemplified in the present chapter, we find 
that our survey of orgfcnic development completely justifiei 
Mr. Spencer's technical statement : — " Evolutiim u an Mte- 
gration tff matter and etmeomiiant dissipaticii cf metioit. 
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inrttiff lehieh the matter pmtsfs front an iv^ejtniie, ineohtrent 
liv'iiogenfity to a definite, coherent heterogfneity ; and during 
uihich tfu retained motion undergoes a parallel trans- 
formation." * 

Here, it will be observed, we have obtained a fonrniU 
which applies not to organic development merely, but to 
the trans formation a of Matter and ^lotioo in general. 
Thongh we have been led to it solely by the consideration 
of those OTfjanic phenomena which, for reasons already 
presented, most conspicuously exemplify it, and in con- 
nection with which it was first partially generalized by 
Goethe and Von Bner ; yet now that we have arrived at this 
formula, ve find ourselves expressing it in terms that are 
nniversnl. Instead of a mere law of biology, we havf 
enunciated the widest generalization that has yet been 
reached concerning the concrete nniverse as a whole 
ICaving ascertained that in organic aggregates, where the 
conditiona are such as to allow of relatively permanent 
structural rearrangements, the process of Evolution is cha- 
racterized by a change from indeterminate uniformity to 
determinate multiformity, we have assumed that lite con- 
ditions will everywheie be attended with like results. The 
law asserts that wherever a relatively permanent eystem of 
rearrangements is possible, whether in organic or in in- 
organic aggregates, the change from indeterminate nniformity 
to determinate multiformity wilt be manifested. This leap of 
inference on Mr. Spencer's part, like the similar leap taken 
by N'ewton from the fall of the apple to the motions of the 
moon, is the daring act which completes the formation of 
the hypothesis. Tliis grand hypothesis we mnst now proceed 
to verity by showing that the widest generalizations severally 
obtainable in the concrete sciences are included in it, and 
receive from it their common interpretation. It is to be 
ibown that in the case of sundry inorganic aggrc^tes oi 
* Firit Principles, p. 8Bfl> 
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necessitstecl by the rhjrthm of motion, and therefore in- 
directly by the persistence of force. We have now to show 
how the secondary changes, diCferentiation and integration, 
are equally necessitated by the same primordial fact. 

It is a corollary from the persistence of force, "that, id 
the actions and reactions of force and matter, an nnlikenesb 
in either of the factors necessitates an iinlikeness in the 
effects." When the difi'erent portions of any homc^eneoue 
aggregate are exposed to the action of unlike forces, or to 
nneqnal intensities of the same force, they nre of necessity 
differently affected^thereby. Between the unequally exposed 
parts there ariap structural differences, entailing differences 
of property and function. That which before was homo- 
geneous has become heterogeneous through the appearance 
of certain nnlikpn esses ; and, under the name of differentia- 
tion, the rise of such unlikenesses has already been described. 
It remains to be observed that such unlikenesses cannot but 
arise, that differentiation must needs take place, because it is 
impossible for nil the parta of any aggregate to be similarly 
conditioned with reference to any incident force. Whether 
it be the mechanical vibrations caused by a blow, the slow 
midulations constituting heat, or the more rapid undulations 
constituting light, that are propagated through any body, it 
equaUy follows that the respective vibrations will be com- 
municated in different degrees to those particles which are 
situated on the nearer and on the farther side of the body, 
and to those particles which are laterally near to or remote 
from the line followed by the incident forca The different 
parta will be variously moved, heated, or chemically affected, 
and a series of differentiations will thus have arisen. We 
need go no farther than the kitchen, to perceive that the 
emst formed on a loaf of bread or a joint of roasted meut, is 
due to the necessarily unefjual exposure of outside and inside 
bo the incident force coming in the shape of heat from the 
walls of the oven. In the impossibility of balancing an 
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sncuratelj- made pair of scnlra, in the eqn»l impossibility of 
keeping a tank of water free from currenls, in the rnatinji of 
iron, and in the nneven cooling of a heated metal, is exem- 
plified the principle that the state of homogeneity ia an 
uostalile state. Universally the tendency of things, amid 
the conflict of unlike forces, in toward heterogeneity. 

Coincident with the differentiation of aggregates, there ia 
a differentiation of the incident forces. When 
body is broken up by collision, its orij^'nal momentum 
severed into a group of momenta, which differ both in amount 
and in direction. The ray of aolar Hght^ which falls upon 
the foliage of a tree and upon the wall of tl|,e brick bnJldii^ 
behind it is separated by reflection into red and green 
rays, in which the undulations differ both in height and in 
brendth. Each portion of the differentiated force must in ita 
tnm enter as a factor into new differentiations. The more 
heterogeneous an aggregate becomes the more rapidly must 
differentiRtion go on ; because each of ita component units 
may be considered aa a whole, hearing relations to the otha 
units similar to those which the Bgi>Tegalo bears to other 
nggregates ; and thus the differentiation of the whole mast 
be followed by the differentiation of the parts. There mnat 
thus be a multiplication of effects as heterogeneity increases; 
because, with increasing heterogeneity, the forces which 
bodies and parts of bodies mutually exert upon each other 
must become ever more varied and complex ia their amounts 
and directions. 

We may see, therefore, that differentiation is a necessary 
consequence of the fundamental relations of matter and 
motion. And the same is true of that secondary integratioa 
or union of like units, ■which serves to render difTerentiation 
more conspicuous by substituting a demarcated grouping for 
a vague ona Considering what happens when a handfol d 
pounded sugar, scattered before the breeze, falls here and 
there according to the respective sizes of the fragments, — wf 
perceive that the nniu which dt^iccud in company an tboM 
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of equal size, and that their ppi^re^aHnn resiilli fmm their 
like relations to the incident force. The integration of several 
spinal vertebrsB into a sacrum, as the reauk of exposure to a 
continuous strain in the same direction, ia a still better 
example; and from the phenomena of morphological develop- 
Goent many parallel cases might be cited. Wherever dif- 
ferent ^arts of any group of units stand in different relations 
to an mciclent force, differentiation ninst result; nnd wher- 
ever any sub-yronp of these unita, after liecomintj unlike the 
rest, is acted on by ft common force, the resnlt must be 
the integration of the sub-group. But manifestly the pri- 
mary process of consolidation cannot long go on in any 
Qg^^egate, without bringing sundry groups of units into 
dissimilar relations to adjacent groups ; nor can it long go on 
without subjecting each group, thus differentiated, to a pre- 
dominant force exerted by the totality of the companion- 
groups. Hence the change from indefinite incoherent homo- 
geneity to definite coherent heterogeneity mu^t accompany 
the integration of matter ; and no alternative conclusion can 
be reached without denying the persistence of force. 

I am aware that scanty justice is here done to the argn- 
tnents by which, in three interesting chapters, Mr. Spencer 
establishes this deductive conclusion. But since the brief 
exposition hero given is not intended as a substitute for the 
study of Mr. Spencer's treatise, but rather as a commentary 
opon it, his position has been perhaps sufficiently indicated. 

Wb are now prepared to study with profit some of the 
obenomena presented by the past history of our planetary 
system. In the evolution of tiie sun, with his attendant 
planets and satellites, from a vast primeval mass of vapour, 
we shall be called upon to witness a grand iltiistrntion not 
only of that integration of matter and concomitiuit di^isipniioQ 
of motion which is the fundamental characteristic of Evo- 
lution in general, but also of that change from iii'letinitfl 
and incoherent homogeneity to definite and coherent hettao- 
geneity which ia its most striking derivative feuture, 
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Amoko tie notaWe phenomena presented by the t t rnctnw 
of our planetary system, there are some which have become 
60 familiar to us that we commonly overlook them altogether, 
and through sheer inattentivenesa fail to realize their eignifi- 
cance. For exiimple, all the planets revolve about the sun 
In the same direction, which coincides with the direction of 
the sun's own rotation upon his axis. All the planets, more- 
over, revolve in planes which are but slightly inclined to the 
plane of the bud's equator. Satellites conduct theraaeWea 
similarly with reference to their primaries. Every satellite 
revolves about its primary in the direction of the primary's 
axial rotation, and in a plane but little inclined to the plane of 
the primary's equator. Again, with the single interesting 
exception of Uranns— and possibly also of Neptune — all 
the plftiiets, as well as the sun, rotate upon their axes from 
west to east, in the same direction with their orbitat 
[■evolutions. And lastly, all the ]ilanet8, both primary and 
secondary, move in elliptical orbits of small or moderate 
eccentricity. 

We are so accustomed to acquiesce in these &cts, as il 
th;y were ultimate, that we Bi;l(Iom stop to consider tbem 
in their true light, as unimpeachable witnesses to the put 
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history of the solar system. Yet as Lapl&ce has sIiowd, it 
U practically impossible that ench Iiarmouious relations 
should bold between the various members of the tolat 
system, unless those members have had a common ongia 

The clue to that common origin may be sought in facta 
which are daily occurring before onr very eyes. Every 
member of our planetary system ia constantly parting with 
molecular motion in the shape of heat. Our earth is 
incessantly pouring out heat into surrouuding space; and, 
although the loss is temporarily made good by solar radia- 
tion, it ia not permanently maile good, — as is proved by the 
fact that during many 'millions of years the earth has been 
slovly cooling. I do not refer to the often-cited fact that 
the Arctic regions were once warm enough to maintain a 
tropical vegetation ; for this high temperature may well have 
been due to minor causes, such as the greater absorptive 
power of the ancient atmosphere with its higher percentage 
of carbonic acid and ozone. Nor need we insist upon the 
alleged fact tliat extensive glaciation appears to have been 
unknown until a comparatively late epoch ; although glacia- 
tion, whether brought about by changes in the distribution 
of land and sea or by a variation in the eccentricity of the 
earth's orbit, certainly does seem to imply a progressive 
dependence of the earth upon the supply of solar lieat, due to 
the lowering of its own proper temperature. Such facts, 
however, are wholly inadequate to describe the primitive 
heat of the earth. The flattening of the poles being con- 
liderably greater than could liave been produced by the 
rotation of a globe originally solid on the surface, it follows 
that the whole earth was formerly fluid. And this concla- 
Rion, established by dynamical principles, is uniformly 
oorroborated by the observed faoU of geology. Now the 
fluidity of the entire earth, with its rocks and metals, 
implies a heat suflicient to have kept the planet incandescent 
•0 that it must liave shone with light of its own, like Uu 
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lost by mdiatioa as fast as it is thus generated, the contrac- 
tioa of the ma^s will go on unceasingly. It 19 in this wa> 
that physicists now account for tiie internal heat of the sun 
and the planets. A diminution of the sun's diameter by 
the amount of twenty miles could not be detected by the 
fineat existing inatmmonta ; yet the arrest of motion implied 
in this slight contniclion would generate enough heat ti 
\ maintain the present prodigious supply during fifty uenturieF. 
I And in similar wise the internal heat of the earth during a 
I given moment or epoch must be chiefly due to that very 

! contraction which the radiation of ita heat during the 
preceding moment or epoch has entailed. 
I| The generation of all this heat, therefore, which sun and 

planets have from time immemorial been losing, implies the 
transformation of an enormous quantity of molar motion of 
contraction. It implies that from time immemorial the 
various members of our planetary system have all been 
■ decreasing in volume and increasing in density ; so that the 
I farther back in time we go, the larger and less solid o'ust we 
I suppose them to have been. This is an inevitable corollary 
I from the companion laws that contracting bodies evolve beat, 
' and that radiating bodies contract. 

|| Obviously, therefore, if we were to go back far enough, we 

I should find the earth filling the moon's orbit,' so that the 
matter now composing the moon would then have formed a 
part of the equatorial zone of the earth. At a period still 
more remote, the earth itself must have formed a tiny portion 
of the equatorial zone of tlie sun, which then tilled the 
earth's orbit. At a still earlier date, the entire solar system 
must have consisted simply of the eun, which, more than 

< It boot presumed, bowerer, that the moon's orbit wu oriRinallytalsrRi 
•B at preirnt. For lij its tidnl outioa apon our occhijj tlid muuii uxerta a drug 
Mon the earth's rotatioD, ami the motiou thus Uist lir tlio usrth is adiled to 
the moon's tanj^titial inomrutum, ttiiis increasing the dimeiuioiis of its orbiL 
A piTciiely Hnuilui qualification is needed tut Lha two neit-anobceUiuf aWih 



CH. v.] PLAyETART EVOLUTION. aei 

niannur as tliis our solar nebula must have acinired ita 
deGnite lotatioo from west to east. 

Let U3 next observe the mechanical consequences of this 
rotation. No matter what may have been ihe primitive 
shape of the iiebul.i — and, if we may judge from the analogy 
of iiT-^olvable nebiflre now existing, it may very likelv have 
been as amorphous ds any cloud in a summer aky^no 
matter what its primitive shape, it must at last inevitably 
^assume the form peculiar to rotating bodies in which the 
particles move freely upon each other. It must become an 
oblate spheroid, flattened at the poles and bulging at the 
equator, because at tlie equator the centrifugal tendency 
j^nerated by rotation is greatest Furthermore as the mass 
contracts, it must rotate faster and faster; for as the total 
quantity of rotdtiou is unalterable, the velocity must increase 
as the space traversed diminishes. 

In accordance with these principles of mechanics, as our 
solar nebula continued to radiate heat and contract, it con- 
tinned to rotate with ever- in creasing velocity, its poles 
became more and more flattened, and its equatorial zone pro- 
truded more and more, until at last the centrifugal tendincy 
at the equator became greater than the force of gravity at 
that place. Then the bulging equatorial zone, no longer able 
to keep pace with the rest of the mass in its contraction, 
waa left behind as a detached ring, girdling, at a small but 
steadily increasing distance, the retreating central mass. 

What must now have been the career of this detached 
ring? Unless subjected to absolutely Bymmetrical forces in 
all directions — an iniinitely improbable supposition — anch a 
ring must forthwith break into a host of fragments of very 
mequal dimensions. For in order that it should break into 
K}ual-sized fragments, the strains exerted upon it must be 
iisposed with absolute symmetry; and against this supposition 
also the probabilities are as iohnity to one. It would break, 
much as a dish breaks when dropped on the floor, into 
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hnndreds of fragments, of vhich some few would be rela- 
tively large, while the numerous small oiiea would varj end* 
Itissly in tlieii sizes. At this stit<^<!, then, instead of a con- 
tinuoua ring, we have a host of satellites, surrounding the sulat 
equator, revolving in the direction of the solar rotation, and 
following t'tuih other in the same orbit. " If undisturbed b^ 
any powerful attraction from without, these fragments would 
i:oatinue in the same orbit, and would gradually differ more 
iind more in their velocities. Each hirye fragment would, by 
its gravitative force, retard the smaller frtt>;meut in front of 
it, and accelerate the smaller fragment behind it, uutil at last 
two or three fragments would catch up with each other and 
coalesce. Thus, in the earliebt case known to us, — that of 
the planet Neptune,' — this process went on until all the 
fragments were finally agglomerated into a spheroidal body, 
having a velocity compounded of the several velocities oT 
the fragments, and a rotation made up of their seveial! 
rotations. 

Meanwhile the central mass of the vapoi'ouB sun continued 
to radiate heat and to contract, until, when its periphery 
came to coincide with what is now called the oi bit of Uraniis, 
its centrifugal force at the equator again showed an excess 
over gravity, and a second equatorial belt was left behind; 
and this belt, breaking up and consolidating, after the manner 
above described, became the planet Uranus. In like manner 
were formed all the planets, one after another ; aud from the 
detached equatorial belts of the cooling aud contracting 
planets, were similarly fonm-d the satellites. 

A very curious physical e.*Lperiiuent, devised by AL Platea<i 
iti'ikingly illustrates the growth of our planetary system fnun 

' It U not Btrictl; impossible that thera may b« one or two pU 

to Neptune, aud thurvrare earlier in ruriiintion. Supposing IIib 

Wch pIslK'la to cunfoTui, even as imperfectly u in Neptuuss cut. 

f Titiiii, theao dUtiutcea must be so eiinriiiuiis lu to pntveut ourreadilr d!» 
Mveiiiig iha jiIiTiots, eitliiT liirectly bj- i.bservulion, or iiidiroftly, bj ir''— * 
lUM frum [loasible pettuibatiou* ot Neftuue'a movemeutK 
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ihe solar nebnla. M. Plateau's experimeut consists in freeing 
a fluid mass from the action of terrestrial gmvity, so that il» 
various parts may be subject only to their own mutual 
attractions ; and then in importing to this mass nu iucreas- 
ingly rapid movement of rotation. A quantity of oil is 
poured into a glass vessel containing a mixture of water and 
alcohol, of which the lower strata are heavier than the oil, 
while the upper strata ar« lighter. The oil, when poured in, 
descends until it reaches the stratum of the same density 
with itflelf, when being freed from the action of terrestrial 
gravity, and subjected only to the mutual attraction of its 
own molecules, it assumes a spherical form. By an ingenious 
mechanical contrivance, M. Plateau now causes the sphere of 
oil to rotate about its own centre of gravity. While the 
movement ia slow, the excess of centrifugal force at the 
equator of the oil-globe causes a bulging of the equator and 
corresponding tlattuuing of the poles, like that observed 
in the sun and in all the planets. From a sphere the oil- 
globe becomes a " spheroid of rotation." If now the move- 
ment is considerably accelerated the equatorial portion of 
the oil-globe becomes detached, and surrounds the central 
sphere of oil in tlie shape ff a nearly circular ring, like 
datum's ring-system. Finally, if the movement is kept 
up for a suiticient length of time, the oil-ring breaks into 
fragments, which revolve like satellites about the oil- 
globe, auu each of which keeps up for a time its own move- 
ment of rotation in the same direction with the revoluliou of 
the ring. 

The common origin of the planets from the sun's equator, 
as thus strikingly illustrated, explains at once the utherwiso 
inexplicable coincidence of their rotations, their revolutions, 
and their orbital planes. At a single glance we see why the 
planetary orbits are always nearly concentric and nearly in a 
plane with the solar equntor; and we see that, since the sua 
tanat always have rolaU.-d, as at present, tVum west u> easti 
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structure of the solar system, otherwise apparently inexpli- 
cable, are beautifully explained by the theoty of nebular 
genesis. Let us first consider a case which would appear t'.i 
be an obstacle, not only to this, but to any other frameable 
theory. We have already hinted that Uranus, while ibvoIv- 
ing in the same direction with the other planets, has a back- 
ward rotation, so that to an observer placed upon Uranus the 
Buu would seem to rise in the west and set in the east. His 
moons revolve about him in the same retrofjrade direction; 
and his axis, instead of standing af a great angle to his orbit- 
plane, as is the case with all the nearer planets, lies down 
almost upon the orbit-plane, It has been asserted that these 
peculiarities are also manifested by Neptune; though our 
ripportunilies for observing the latter planet are so few that 
this point cannot yet be regarded as estnblished. Why now 
should such exceptional phenomena be manifested in the 
case of either or both of these outermost planets? In his 
essny on the Nebular Hypothesis, Mr. Spencer has shown 
that these phenomena may be explained by a reference to the 
shape of the rings from which the outermost planets were 
formed. When the solar nebula was bo large as to fill the 
orbit of Neptune, its rotation must have been slower, and its 
figure consequently less oblate, than at later stages of con- 
traction. Now the ring detached from a very oblat* spheroid, 
which bulges greatly at the equator, must obviously be 
shaped like a flat quoit, as is the case with Saturn's rings ; 
while conversely the ring detached from a spheroid which 
bulges comparatively little at the equator, will approximate 
to the shape of s hoop. Hence the rings which gave rise to 
Neptune and Uranus, having been detached before the solar 
nebula had attained the maximum of oblateness, are likely 
to have been hoop-ahaped; and when we consider the 
enormous circumferpnces occupied by theae rings, compared 
with the moderate sizes of the resnltinjr planets, we see that 
they must have been very thin hoops. Now in such ft hoop 



(68 COSMIC PHILOSOPBT. [rr. ik"^ 

the angular vclncitieg of the inner and ont«r anrfaces re* 
spectivfly will \m nearly equal, and the planetaiy mass into 
which auch a hoop concentrates will have ita greatest diameter 
at right angles (or nearly so) to the pltine of its orbit; go 
that its tendency to rotate in the line of its revolution will 
be BO alight aa to he easily overcome by any one of a htindreil 
pfisaibie disturbing circumstances. Without feeling reqnired 
to point out th« precise nature of such circumstances, wa 
may readily see that, in the case of the outermost planets, 
the causes which ordinarily make the rotation coincide with 
the line of revolulion were at their minimum of efficiency. 
So that the retrc<;rade rotation of Uranus, thou^-h not perhaps 
actually implied by the hooped shape of its ancestral ring, 
is at any rate quite in accordance with it. 

I cite this example, not merely on its own account, but 
also by reason of the furtlter disclosures to which it leads 
"Whatever may be thought of the special interpretation ji 
cit«d, there is no doubt that Mr. Spencer's conception rf' 
hoop-shaped and quoit-ahaped rings points to a notable aeries 
of hai monies among the phenomena of the solar system. 
Observe, first, that accoi-ding to the theory, the outer planets 
ought in general to be much larger than the inner planets; 
and (or a very simple reason. The ancestral rings which 
cotncidi/d with the immense orbits of Uranus and Neptune 
must of course have been larger than the ancesti-al rings 
which coincided with the smaller orbits of Mars and the 
earth. A ring, for example, which is seventeen thousand 
millions of uiiles in circumference may be expected to cod* 
biin more matter than a ring which is less than six hundred 
millions of miles in circumference ; aud hence we may 
understand why Neptune contains at least sixteen times aa 
much matter as the earth. 

Sut this, though signiticant, is not a complete expIsi^stiOD ; 
tot as the case nov stands, it wtuM ^eem m if there ought 
to be a regular gradation in the size^ of the ^huieta. Kot 
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only ooglit Mercury to be tlie smallest, but Neptune ongTil 
tn be the Jnrjrcst. The facts, however, do not accord with 
this view. The four outer planets nre indeed much larger 
the.-! the four inner ones. But of the inner group the largest 
ia not Mars, but the enrth ; while in the outer group we find 
Jupiter three- and-a-half times as large aa Saturn, which iu 
turn is seven times larger than tJriinus. Now the key to 
these apparent anomalies must, I think, be 6onght in the 
shapes of the rings from which the planets were respectively 
formed. Neptune and Uranus, formed from very thin hoop- 
like rings, at a period when the solar equator protruded but 
slightly, are indeed large planets, but not so large as wouKt 
be inferred fmm the size of their orbits alone. But aathe 
Bolar nelmla continued to contract, its incrensing equatorial 
\ elocity rendered it more and more oblate in figure, .so that 
the rings next detached were quoit-shaped. Hence the 
resulting planets not only had their major diameters but 
little inclined to their orbit-planes, but they were also larger 
in si^e, Tlie very broad qnoits which gave rise to Jupiter 
and Saturn may well have contained more than fourteen times 
aa much planetary matter as the extensive but slander hoops 
which formed the two oldest planets. I£ instead of looking 
at the sizes of the resulting planets, we cons der the thick- 
nesses of the grnetic rings, as determined by comparing the 
size of a planet with the size of its orbit, we shall see that, 
frirni Neptune to Jupiter, there was a regular increase in the 
thickness of the rings, such as the theory might lead as to 
anticipate. 

But now after the separation of Jupiter from the parent- 
iDRSs, we encounter a break in this series of phenomena. Tlie 
Ihickneas of the detached rings sinks to a minimum in the 
case of the asteroids, and then steadily increases again until 
in Mercury there is once more an approach to the quoit- 
Bbape. Observe the curious sequence of facts, which hitherto, 
to far as I know, has never been noticed by any of the wntert 
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who have treated of the nebular hypotliesia. Since the 
mass of Mercury is four-fifths that of Venus, while the 
circumference of bis orbit is about one-half that of the orbit 
of Venaa, it follows that his ancestral ring must have been 
much thicker than that of Venus. Again, the earth is but 
little larger than Venus, while the circumference of its orbit 
exceeds that of the latter nearly in the ralio of five to three, 
K that it must have originated from a thinner ring. Man 
with an orbit exceeding the earth's in the ratio of eight to 
five, nnd containing but one-eighth as much planetary matter 
as the earth, must have been formed from & still thinner ria^ 
And since the asteroids, if all piled together, would not make 
a planet as large as Mars,' while they move through & very 
much greater orbit, it follows that their parent-ring must haTe 
been the thinnest of all. In marvellous conformity to thii 
general statement, it also happens that the inner planets rotate 
in planes which diverge more widely from their orbit-planea 
than in the case of Jupiter and Snturn, though less widely 
than in the cose of Uranus and Neptune.* And lastly let in 
cote that the velocities of the planetary totationa supply 

* It Di>y b« Dejected tijnt w» ^ire praWblj not jet ducoTcred mil IIm 
utoroiils. Those nut vet <ligeovered, liow«VFr, itaat obvioosly be lo mall 
Chit Ui« B'idition of tbcm to the agifregated mass of those ilieBd)- koowa 
wuDld not laiiterullj alTect the trutb of my atatement. 

> CorioDsIv eoongh, if we exaaiioa the difTerent syslema of satellit^^ v« 
Hod > dmiUr general (motnut in eize between ttie meoibi-Ti of outer and intier 
^ups. I'Lie two outer antellitea of Japiter are much larger than the two 
inner anas; and the same relation holds between the Tour acknowleilged 
•alrllitea of Uraiius ; while of the eight Saturnian aatellites, the four oUtM 
ones teem to be drcidedl; larger than the four iimer one^. HoieoTcr tht 
lugvt of Jnpiter'a moons is not the outermost, but the third ; and of 
Satam'i moons the larj^ is not the eighth, but tha aiith. To these iatm- 
mting Cut! which Mr. Spencer haa pointed nut, 1 will add one which ha haa 
knt obaerred. If instead of looking at the siaea of the moons, wa conaidar 
the thickneaaaa of theirgenetic rings, u determined br compiriDg the aiae of a 
MOon with the aiae of ita orbit, we find in the Jorian system a legnlar in- 
iiiaiiM IB the thickness of the ringa, from the ontennoat to the innerraou. 
Similar evidenca fma the Satuniian lyatam is not yet fortlicoming. aiuca th* 
maiaea toA enn the rolnmea of Saturn's moona hare not yet been detmninad 
with suffidsut accuney for thia purpose. i.nd concerning the tJnuian 
■ystem our knooledge is still mon inadeonaie. It will be obserred, hmr 
•nr, that area the bets bare fragmentahly oollatad point olearij In aomt 
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further confirmation ; for " other things equal, a genetic ring 
that is broadest in the direction of its plane will produce a 
mass rotating faster than one that is broadest at right angles 
to its plane " ; and accordingly Jupiter and Saturn, originating 
from relatively quoit-shaped rings, rotate very swiftly ; while 
(ill the inner planets, originating from relatively hoop-shaped 
rings, rotate with much less rapidity. 

Here we may profitably consider the singular instance in 
the history of the solar system in which a detached ring has 
faCed to become integrated into a single planetary mass. 
Everyone remeiiibera how, in accordance with the law of 
Titius concerning planetary intervals, Kepler was led to pre- 
dict the existence of a planet between Mars and Jupiter ; and 
how, at the beginning of the present century, not one only, 
but four such planets, were suddenly discovered. More than 
a hundred of these little bodies have now been detected, and 
each year addn new names to the list The four earliest 
observed — Vesta, Juno, Ceres, and Pallas — are of respectable 
dimensions; Pallas having a diameter of 600 miles, or more 
than one fourth the diameter of our moon. Most of the 
others are quite tiny, the smallest having a surface perhaps 
not larger than the state of Rhode Island. Not only do they 
occupy the position which would normally belong to a ..ingle 
planet between Mars and Jupiter, but it is hardly qufi^ition- 
able that they have all originated from a single ring ; for 
their orbits are interlaced in such a complicated way that, if 
they were niiiterial rings instead of ideal lines in space, it 
would he possilile to lift them all up by lifting any one of 
them. Why should just one of the solar rings have failed to 
develope into a single planet, and why should such au arrest, 
of development have occurred Id just this part of the solar 
system ! 

eommon mode ot genesia for both plaiwts and rate1Ut«a ; uid an IJkelj, wbm 
oompUteJ)' geaeraliMd, ta jleld imporunt tMtimaay id bebalf of Uie aebnlar 
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According to Olbera, tbe discoverer of Fallns andYnti, 
this is not a case of arrested devtilopment, but these littk 
bodies are merely the fragments of an ancient well-developed 
planet, wliich has been in some way exploded. But this 
hypothesis, though countenanced by Mr. Spencer, seema to 
me nnsatisfactor)'. la Mr. Spencer's eaaay, it is closely con- 
nected with the hypothesis of a gaseous nuclens for all tha 
planets, which, though there ingenionsly elaborated, &eems to 
me as yet too doubtful to ser\'e as a hasia for further explana- 
tions. And even granting the hypothesis, it would be 
L necessary further to show why in this planet alone the out- 
ward pressure of the gaseous nucleus should have overcome 
the resistance of the solidified crusts I believe that the 
problem is much nearer a solution when we treat it as a case 
of arrested development; for on this view the peculiar hte 
of the ancestral ring may be at least partially explained by 
a reference to the perturbing attraction exerted npon it l^ 
Jupiter. 
When we reflect npon the immensity of the distances 
vhich separate the ont«r planets from each other, even is 
conjunction, we perceive that dnring the earlier stages of 
nebular contraction no planet was in danger of being dis- 
turbed in its f'lrmation by the attraction of its next outer 
neighbour and predecessor. But as the incre^ising equatorial 
protuberance of the solar spheroid began to result in the 
formation of larger and larger planets, and as the formation 
of planets began, occording to the law of Titius, to occur at 
shorter and ehorler intervals, there began to be some danger 
ot Buch disturbance. There was no chance for a catastrophe, 
however, until the time when the asteroid-ring was detached. 
The enormous Jupiter-ring was at least 370,000,000 milea 
removed from Saturn, besides which its huge mass, implying 
powerful gravitative force among its constituent parts, servei} 
(brtber to insure its equilibrium- Hence it ran little risk o' 
iDcurring disaster in the course of its plauetary developmeoi 
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tt waa otherwise with the ancestral ring of the aBteroida. 
rids thinnest and weakest of rings started on its imlepeudent 
career at a distance of only 240,000,000 miles from Jupiter, 
the planet whose gravitative force is more than twice that of 
all the other planets put together. Under auch circumstanceait 
would seem impossible that a planet could be formed. The 
Bsteruid-riug must liave been liable to rupture, not only from 
the causes which affect all planet-forming rings alike, but 
also from the strain e^certed upon it, now in one part and 
now in another, by Jupiter's attraction. The fi-agnienta of a 
ring, torn asunder by such a causa, would not continue to 
occupy the same orbit; they would be dragged from the 
common path in various directions and to vaiious distances, 
according to the ever- changing position of the disturbing 
body. Henceforward, instead of chasing directly on each 
other's heels, they would rush along in ecceniric, continually 
intersecting paths, and there would thus be no oppoitnuity 
for consolidation, except in the case of two frayujeuta 
meeting each other at the intersection of their oi'bits. As a 
final result we should have, not one good-sized planet, but a 
multitude of tiny planets, with intersecting oibita exhibiting 
great differences in eccentricity. AU this is true of tiie gioup 
of asteroids. While the mean bi-eaJth of the ideal Ziine 
occupied by their orbits is about 100,000,000 miles, its 
extreme breadth reaches 250,000 000 miles. While the uibit 
of Europa is more nearly circnUir tban any of the orbits of 
the true planets, on the other hand the orbit of Polyhymtiia 
attains an almost conietary ccccnfriuily, tiie ditli'ience 
between its perihelion and aphelion being nearly 200,000,000 
miles. 

There is one other circumstance, however, which my 
hypothesis thus far fails to explain. While the true p!driet4 
revolve in planes but slightly inclined to the ecliptic — the 
iffhtt of Mercury showing an inclination of about seven 
degrees aa the maximum iustance — the asteroids, on the con- 
B B 2 
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tntry, nvolvB in planes of quite rarions degrees of iiicIiaiF<j 
tion, the orbit of Pallas rising above the ecliptic at 
of thirty- four degrees. As the disturbing attraction 
Jupiter, however various in direction, would seem to hai 
been exerted wholly in one plane, I am unable to account fbf' 
this diversity of inclinations. Yet in spite of this short- 
coming in the hj-pothesis — which might perhaps be removed 
by some one more thorongbly conversant with dynamics — all 
the other circumstances in the case point unmiftakeably lo 
the forcible rupture of the genetic rii^ by the attraction 
ejterted by Jnpiter ; and thus it would seera that, just wheu 
such an untoward event in the history of the solar system, 
might have been expected to occur, it did occur. 

Supposing this explanation to be sound in principle, it ii 
quite easy to show why such an event has not occurred sub- 
aequently. The next ring— the one which gave rise to Mara 
— must have been more than twice as thick as the genetil 
ring of the asteroids, and consequently better fitted to resist 
a strain from without. And. moreover, being 115,000,000 
miles farther removed from Jupiter, the latter planet could 
exert upon it only four-ninths of the disturbing force which it 
bad exerted upon the a-iteroid-ritg. Thus the Mars-ring was 
permitted to develope into a planet. In turn, the small size of 
Mara prevented him from exerting any disastrous perturbing 
force upon the ring which gave rise to the earth, tboagh his 
distance from that ring could not have exceeded 50,000,000 
miles. A simple computation will show that Mars conld 
exert upon the earth-ring not much more than one-hundredtli 
part of the attraction exercised by Jupiter upon the ances- 
tral rin<; of the asteroids. On the other hand, had the masa 
)f Mars been one twenty-fifth as great as that of Jupiter — 
that ia, thirteen times as great as the mass of the earth — he 
might have prevented the formation of the planet on which 
we live. And had tho mass o! Mars been equal to that of 
japit«r, he might have dealt deatrunlion to all tlui planetary 
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rings snbsei^ueDtly detached between himself and Ihe present 
wo\bj surface. Tlie earth, Venua, and Mercury would in such 
K case have been represented by a tiiple zone of asteroidii, 
revolving in more or less eccentric orbits, and the portions of 
planetary matter which constitute the German armies belen- 
gaeiing Paris might to-day' have been peacefully whirlinjj 
in space, ten million miles removed from the portions which 
eonstitate the starving population of that unhappy city. 

Joining together all the foregning considerations, we liave 
% most interesting array of facts, which I believe have not 
hitherto been contemplated in connection with one another. 
Though in the sizes of the planets, superficially regarded, we 
find no conspicuous symmetry of arrangement, yet in the 
thickness of the genetic rings, as obtaiued by a legitimate 
process of inference, we fiud a symmetry of disposition that 
ie striking and suggestive. From Keptune to Jupiter we find 
a progressive increase in thickness that is entirely in con- 
formity with the nebular hypothesis. From the asteroids to 
Mercury there is a simitar progressive increase which is 
similarly in entire harmony with the hypothesis. And in 
the only group of satellites oonceming which we have 
adequate data, there is observed a parallel plieiionienon. But 
in the solar system there is a conspicuous break in the. 
oniformity of succession; and this break curiously occurs 
just at the phice where, according to the most plausible 
BQpposition, there was an arrest or failure in the normal 
formation of a planet. I have partially succeeded in tracing 
this aiTest or failure to the immediate effects wrought by the' 
mere proximity and gigantic size of the planet just preceding 
in the order of detachment. Whether it can be shown that 
this cause, which well-nigh acconuts for one of this group of 
phenomena, will account in some analogous way for the 
whole group ; whether it can be shown that tlie detachment 
tf this gigantic mass may have altered the dynamic relatiou 
> TliU U, in Djueiuber 1870. 
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of the central spheroid in such a way as to reduce U> 
mitiinium its power of eliminating further rlDgs; T 
Dot pretend to say. It seems to me better to leave tl 
problem with this clear and deBnite statement, rather thi 
to encumber it with hypothetical explanations which 
quite likely to prove purely gmtititoua. Of the varioua 
planations which liave occurred to me, none seem at 
satisfactory ; and I will gladly resign, into abler hands, Uit 
task of soiling the problem. What we may regard, how- 
ever, as fairly established, is this: that while, after the 
formation of Jupiter, the detachment of rings followed the 
same law of progression as before, there was nevertheless 
Bome newly-introduced circumstance present wldch affected 
the whole series of deiachnients in common. But while the 
non-explanation of this newly-introduced circumstnnce leaves 
a serious gap in the argument, it is to be noted that all the 
facts, so far as collated, are in harmony with the neholar 
hypothesis,— the existence of the zone of asteroids, 
ticular, furnishing powerful evidence in its favour. 

If we pass from this complicated problem to the tui 
simpler one of the distribution of the satellites, we shall 
find evidence in behalf of nebular genesis so remarkable ss 
almost to amount to demonstration. Whoever lias read the 
favourite speculations of theologians concerning the "plu- 
rality of worlds," will doubtless remember how strikingly the 
divine goodness is illustrated in the law that in general thij 
remoter planets have the greater number of satellites. Here 
however, as in so many cases, observes Mr. Proctor, "the 
sclieme of the Creator is not so obvious to human reasoning 
as florae have complacently supposed." The " contrivancxjs " 
for lighting Saturn are by no means what they ought t<j be, 
according to this teleological hypothesis. The illumiuating 
power of our moon is (from its greater proximity t« Itie sun) 
lixteen times greater than that of all the eight iiiunna o) 
Saturn combined ; while if that planet were hatu(abl% hii 
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rhigB would prove ft foimidabla nuisance, Mr. Proctor haa 
ehown that, in latitudes corresponding t« that of New York 
and Naples, lliey cause total eclipses of the sun, wbicli laat 
eeveo terrestrial years at a time. But the prubleui which 
natural theology thus fails to solve, ia completely solv-l by 
ft very simple tnecliaiiical con^deration. Sinne the detach- 
ment of a moott-forming ring from a contracting planet 
depends on the excess of centrifugal force over gravity at its 
eqnator, it is evident that rings will be detached in greatest 
numbers from those plauets in which the centrifugal force 
bears the highest ratio to gravitation. Such planets will have 
the greatest number of moons. And such, in fact, is the case. 
Of the four inner planets, which rotate slowly, and in which 
the centrifugal force is therefore small, only the earth is 
known to have a satellite.' But Jupiter, whose centrifugal 
force is twenty times greater thuu that of any of the inner 
planets, has four satellites. Uranus, with still greater cen- 
trifugal force, has at least four, and probably six or eight 
noons. And finally Saturn, in which the centrifugal force ia 
one-sixth of gravity, being nearly fifty times greater tlian on 
the earth, has at least eight moons, besides his three unbroken 
(or partly-biiaken) rings. Mr. Spencer may well declare that 
this emphatic agreement of observation with dedaetion is an 
unanswerable argument in favour of the nebular theory. 
Here, where the dynamic relations involved are so ahnple 
that we have no difficulty in tracing them, the significance of 
the result is uumietakeable. "Where we are enabh^d thus 
directly to put the question to Kature, there is no auibiguitj* 
m her answer. 

In the quoit-shaped tinge which girdle Saturn, we have 
I ft curious vestige — upon the bij;nificance of which Kant 
B itroDgly insisted — of the ancient history of our planetary 

I TOO, 
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; if Dot imprabable ihM Teniu Jiif hnvo a sntellite a.tai>. Sorersl astro- 
■a bkve iie"]a[ed that they h&rr >«eii such ■> mtuUiti- : hat u their terti- 
' Xoaj ii^TOfl itilGL-iilt to rac'jncilo with that nf other oktroaiiiuers, atpwDy 
na ob«aiTen, the questioD mo«t reaum«n opeaoDsforthepraaani 
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^Btom. So great has beea tlie centrifugal force upoi 
duo to Lis r:ipid rotatioD and small speciGc gravity, 
detachment of rings would seem to have gone on 
eurface of the planet liad aesuniud the liquid state; and 
whether the rings tlni3 formed be now continuoas, or {aa u 
far more probable) discontinuous, they have obvioualy had a 
much better chance of preserving their equilibrium than the 
ordinary vaporous moon-fonning rings. The dynamics of the 
Satumian system still present many difficult questions; but 
the fact that Saturn is the one planet which is still girdled by 
rings that are apparently-continuous, is a very powerful 
argument in favour of the nebular hypothosis. 

But the evidence does nut end with these mechanical illi 
trations. In the present physical condition of the 
planets, so far as it can be determined, we shall find furthei 
corroborative testimony. It is a corollary from the nebulu 
hypothesis that all the planets, having successively originated 
from the same vaporous mass, must be composed in the main 
of similar chemical elements ; and this inference has thua tat 
been uniformly corroborated by spectroscopic ubservatJon 
wherever there has been an opportunity to employ it. Ueno«, 
it follows that the process through which the earth 
passed in cotitrncting to its present dimensions has been, 
will be, repeated to a certain extent upon all the oth) 
planets. Upon any planet there must eventually occur 
solidification of the crust, an extensive evaporation and pi 
cipitation of water, an upheaval of mountnins, an excavati( 
of rivei-beds, and a deposit of alluviuiu, reaulting in sedi 
mentaiy strata. But obviously the time at which thi 
phenomena occur must depend, not merely ujion the an- 
tiquity of the planet, but also upon the ratu with which it 
parts with the heat generated during its contraction. Siniw 
the outer planets ai*e so much older than tlie inner ones, it. 
Boigbt at first be supposed thai they must have proj 
nucb further in consolidation. But against thia 
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(rfbet the consideration that the ratio of volume to mass ia 
likely to have been from the first very much greater in tha 
case of the earliei pl&nets than in the case of the interior 
ones, eince formed from a denser sun. Even nonr the high 
ratio of volume to mass is one of the most striking charac- 
teristics of the four outer as compared with the four inner 
planets ; and as bulky bodies radiate heat much more slowly 
than small ones, it may well be that this relatively small 
density indicates the retention of a relatively great amount 
of molecular motion. Of all the factors in the case, bulk is 
undoubtedly the moat important. Just as the hot water in 
the boiler may remain warm through a winter's night, vthile 
the hot water in the tea-kettle cools off in an hour, so a great 
planet like Jupiter may remain in a liquid moltPii condition 
long after a small pl.inet like the earth, though formed ages 
later, has acquired a thick aulid crust and a cool temperature. 
Hence in a general suwey of tlie solar system we may 
expect to find the largest planets still showing sigua of a heat 
like that which formerly kept the earth molten, and we may 
expect to find the smallest planets in some cases showing 
signs of a coI4 more intense than any which has been known 
npon the earth. 

Now this series of inferences, constitnting simply an 
elaborate corollary from the theory of nebular genesis, is fully 
confirmed by observation in the cases of Saturn. Jujiiter, 
Mars, and the Hoou, — the only planets whoso surfaces have 
been studied with any considerable success. According to 
the nebular hypothesis, Jupiter and Saturn ought to be pro- 
digiously hot; and so they appear to be when carefully 
examined. The tremendous atmospheric disturbances observed 
npuu uoth these planets are such as cannot well be explained 
by tha comparatively sluggish action of the sun's ladianoo 
upon such di:staut orbs. The atmosphere of Jupiter is laden 
with masses of cloud, whether composed solely of wator or 
not, whose cubic contents far ex'j*^ed those of all the oceans 



m 



OOSMIO FHILOSOFBT. 



C" 



on the earth. The trade-winds, due to the swift rotation 
the planet, gather these enormous masses into belts pai 
with its equator. Storms and typhoous are incessantly raging 
in this vapour-laden atmospliere; and the forces at work 
there are bo stupendous that dense cloiid-belts, thousands of 
miles in width, are often formed in a single hour. This state 
of things is not like that which is now witnessed upon the 
eaith's surface ; it is more like the state of things observed 
upon the sun, where tornadoes continually occur, in which 
the earth, if it were there, would be whirled along like a leaf 
in an equinoctial gale. A similar state of things must have 
existed, in miniature, upon our own planet, in that primitive 
age when its oceans were in large part held suspended in the 
dense seething atmosphere, and when the intense volcanic 
fires within kept the surface in ceaseless agitatioiL In SatiUB 
similar phenomena are witnessed. The appearance called 
" square-shouldered figure " of Saturn, first observed by 
William Herschel in 1805, has suggested the conclusion that 
the giant bulk of the planet " is subject to throes of ao 
tremendous a natui'e as to upheave whole zones of hie surface 
five or sis hundred miles above their ordinary leveL" 
Whether this be really the case, or whether, as Mr. Proctor 
more plausibly suggests, the prominences which give the 
square -shouldered aspect are due to the shoving up of 
immense masses of cloud far above the mean layer of Saturn's 
cloud-envelope, we must equally recognize the presence of 
intense heat and furious volcanic action in the interior of 
that planet. When we add that recent calcohitiona have 
made it almost certain that both Jupiter and Saturn are tu 
some extent self-luminous, it becomes probable that these 
great planets still resemble their parent, the sun, more cli 
than they resemble their younger and smaller brethren. 

Very different is the state of things witnessed upon 
moon. The absence of an atmosphere from the lunar surface. 
TU long since proved by the fact that " when staid 
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occulted hj the moon, they dissppear instantaneously," — 
which would not be the case had the moon an apprtwiable 
atmospheie ; and spectroscopic evidence haa confirmed this 
conclnsioiL Xor are there any signs of the presence ol 
liquid oceans, or of running wat^r. Yet if the moon was 
originally formed from an equatorial zone of the emth, it 
would seem that it ought to contain the same materials which 
hare from the oldest times constituted a considerable part of 
the terrestrial surface. Besides this, the vast plains on the 
moon which the old astronomers supposed to be seas, and 
named as such, are now held to be areas underlaid by 
sedimentary rocks implying the former presence of water.' 
If this view be correct, there must in all probability have 
been winds to excite the erosive movftnients of the water 
which caused this sedimentation. For tidal action upon the 
uioon cannot be regarded as a considerable factor in the 
erosion, unless we go back to that enormously remote period 
when the earth's tidal pull was still emp'oyed in dragging 
the moon's rotation into synchrony with its revolution. 

Here there is an apparent discrepancy, which will dis- 
appear, however, when we inquire further into the past 
coreef of the moon as indicated by the present condition of 
ita snrface. To a great extent the lunar surface is made up 
of huge masses of igneous rock, through which at short 
intervals yawn enormous volcanic craters, whose fires spem 
to be totally extinguished. The giant forces required to 
hiring about such a state of things are now quiescent And 
this implitt that the moon is a dead planet. It implies that 
the thermal energies which were once instrumental in raising 
those huge cones, Tycho, Copemiciis, and the rest — quaintly 
named after our tenestrial heioea of science — and which once 
drove op fiery streams of molten lava through their ample 

* Horeorer, "it ii not to he forgottnn that, so far aa lenrstrial eiiwriciio* 
h eoDuenirii, wnltc is HbaolulL-ly esseutul U tho occurrcufB of VOlMUM 
tctiau." f IMtOr, TAi iloan, p, 8fi3. 
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iLioitths. are now clean gone, radiated o£f into space, Tliii 
cessation of volcauiu activity iudii^atea that the planet bU' 
reached its limit of consolidation, and ia no longer geceratii^^ 
lieat from within.' Now the degree of cold implied by tbii^ 
stopp:^ of further lunar consolidation must immeasurably^ 
exceed anything within terrestrial experience. It may well 
have been great enough to freeze all the lunar oceans, 
even to liquefy, or perhaps to solidify, the gases of the lunaf 
atmot'phere. The moon is indeed subjected at each rotation 
to the fierce noontide heat sent from tlie sun; but bowevar 
this may scorch and blister the rocky surface, it can exercisa 
but little melting power. An atmosphere, aa Mayer 
happily observed, ia like a valve which lets water run tbrough 

' " NererthcUn, there are procnises it work ont jonilvr which most be 
■ctiTe, one cannot but believe, a» uij of thuae nhiib alTuct our earth. 
web innatioD, tlie mooii'a aurface iinJergaea ohuugcB of ti-mpenlura wbl 
abonld aalHca to JiBintagrale lar^ portioua nf her liucriiue, and with time _ 
anunble her loriicBt mannUiiia into sbapelesa heapa. lu the long lunar ni^it 

of fourteen d>.yB, a cold far excaeJing tlie iotensest emr produced In * 

trial espertmrnta moat eiial oier ths whole of the uuilluminslol bemii 
and under the iuUucnca of this cold all the Bubatances comiHiaiiig the 



ahtink u> their least dinieuaions — uot all equally (in thU w« And 
miug the energ; of the diainiagTBtitig farcca), but each 



a circumstance iucrcaaiug tl 



according to the cjuaUty which our physicist* itflUuiuiiiBte the coellicieat cl 
txiianaiou. Then comes on tha long lunar day, ut tint dissipating the intanaa 
euld, then (^nulually roiling tbe subsiance of ih« lunar crust to a higher and 
bibber degree of heat until (if the infcroucca of our moat skilful phyaiciati^ 
and the endei>c« obtoinnl from our moat powerful mesna of eipenmeuc can 
be trusted) the surface of the moon burns (one tony almost aayj with A beat 
of sume bW F. Under this tremendous heat ali tlie aubstaacca which had 
shrunk to their least dimeusious muat exj»nd accardiag to their Tariou* 
dejjrees ; not grta ly, indeed, a^i far as any amall qu.in[ity of matter { 



attected, but to an ijnpoi Uint amount when laiue arcit'' ol the moon's snr&oe 
aidered. Hemeniberiitg thii effects which take place on our earthl in 
re cbaiige fiom tlie Irost of winter to the nioifcrute warnith of e 



■priug, it ia dililcult tA conceive that sucb remarkable contmction aud expan- 
uon can take place in * aurlace preiiuiuably less cuheraut than the letativdf 
moist and pUsticaabstanceacaiiipiiBiugtlieterresirialcnitt, without gtsdual^ 
eflecting tiie demolitiun of the titeefer lunar eiev^lionM. When we coosidts^ 
further, that these procossea are ripestrd not year by year, but month bj 
month, and that all tha circnmHiaaces attoudiu;; them are oalculalail (• 
nudar them most i ITuctive becuune eo slow, sij'adraac, and uniforro in th^ 



nogression, 



it certainlv iloeii u 
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ID one direction, tut not in the other. Through an enveloping 
atmosptiPre the solar rays easily pierce, but return with 
diffioolty. But from the airless surface of the moon the 
■olar radiance must be immediately reflected into space, as 
from the Burfuce of a polished mirror. Just as on tlie 
summits of the Himalayas, where the atmosphere is so raie, 
the huge snow-masses remain through centuries unmelted, in 
spite of the sun's blazing heat ; 80 on the surface or in the 
<ieep abysms of the moon, the air and water once &ozen must 
remain frozen forever. 

We have not yet, however, reached a satisfactory inter- 
pretation of the original disappearance of the lunar atmo- 
sphere. Granting the disappearance of the atmosphere, the 
maintenance of a more thau arctic cold in spite of the utmost 
intensity of solar radiation may readily be admitted. But in 
this explanation the absence of a surface atmos^ihere is pre- 
supposed rather than accounted for. Yet I have thought it 
worth while to introduce the case in this way, as we thus get 
a more vivid impression of the actual state of things upon 
the moon. For the original disappearance of the lunar air 
and water, a far more thoroughgoing explanation waa pro- 
pounded some years since by M. Saemann ; ' but in this 
explanation the extreme cooling of the moon, as just illus- 
trated, is implicitly involved. According to M. Saemann. 
the lunar air and water have been literally drunk up by th- 
thirsty rocks. On our own globe the tendency of the surface, 
water is constantly to percolate through the soil of the lanil 
or sea-bottom, and thence through the rocks, downwani 
cowards the centre of the earth. Yet with onr present 
•upply of internal heat, it is not probable that any water can 
reach more than one hundredth part of the distance towards 
tbe earth's centre, witiiout becoming vaporized and thus getting 

' In • pn]«r on the onilf of geolo 
intern, tranalated by Prof. Slerry I 
/imma; 0/ Sciena, January. IHOa. 
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driven bach tAwards the surface. Tn thia way there ia kept 
up a circulation of water through the peripheral portions of 
the earth's cmst. But aa the earth becomes cooler and cooler, 
the water will be enabled to circulate at greater and gr( 
depths, thus materially lowering the level of the ocean. 
this way, long before the centre has become cool, all the 
Burfnce-water of the earth will have been sucked into the 
pores of the rocks, and a similar process will afterwards take 
place with the atmosphera M. Saemann shows that by the 
time the earth had reached complete refrigeration, the pores 
of the rocks would absorb more thau one hundred times the 
amount of all the oceans on the globe, while room would still 
be left for the retiring atmosphere. Now this state of 
things, which will no doubt by and by be realized on the 
earth, would seem to be already realized on the moon. 
Being forty-nine times smaller than the earth, the moon has 
cooled with great rapidity, and its geologic epochs have been 
correspondingly short.^ 

After the moon, ive are more familiar with the surface <rf 
Mars than with that of any other heavenly body, the paei- 
tion of Veuus being very unfavourable for thorough observa- 
tions. Concerning the physical geography and meteorology o( 
Mars, some trustworthy information has been obtained. The 
distribution of land and sea over his surface is Eulficiently 
obvious to he delineated in maps. He possesses liquid oceans, 
proved by spectroscopic evidence to consist of water, aai 
his atmosphere is gasenus. That he possesses climates anal<^- 
0U6 to our own might be inferred from the inclination of his 
axis to his orbit-plane, and is inductively proved by the fact 
that we can actually see his polar snows accumulate during 
the Martial winter and melt away at the approach of 

■ It ihODlil h» ailded thnt the mpid coaling of the mmn nonld gnwtlj 
IncrriiW tlip porosity of its awlisUiice. Prof. Frnnklanil hna sbown -"■-* 
" Msuming the solid tonsa of the moon to cootriict on cooliiijc at thd : 
Mte HI fcmiiite, ita renif-emtion Ihroutfh only 130° F. irnalrl cnUt ed 
*[KUM equal to Dettrly t'ourtaea and a hulr nullioiu of cnliio nUot," 







L».] PLANJITJ B7 EyOLUTlON. 863 

Martial summer. Coincidences like these bear BufBcieot 
testimony to a general resemblance between Mars and .the 
earth. For where there are oceana and clouds and an 
atmosphere and polar anowa, there must also be currents, 
aerial and oceanic, aa well as rains, rivers, and sedimentary 
rocks; so that tlie surface of Mara must probably present 
geologic pbt-nouii^iia not essentially unlika thoae witnessed 
upon the earth. Whether such geologic similarity has 
entailed a fuither resemblance in the case of organic and 
Buper-orgenic pheuomena, must be left for the more profound 
deductive science of some I'lilure day to determine. 

Thus from whatever point of view we study our planetary 
system, we find such a congeries of phenomena as would 
have been produced by the giadual development of the 
system from a homogeneous nebula. On summing up the 
conspicuous fiicta already cited, we see that the nebular hypo- 
thesis fully explains the shapes of the planetary orbits, and 
their slight inclinations to the plune of tlie solar equator ; the 
shapes of the Eatellite-orblta, and their proximate coincidence 
with the equatorial planes of their primaries; the inclina- 
tions of the planetaiy axes to their orbit^planes ; the oblate 
figures of the planets ; their velocities of rotation ; the direc- 
tions in which they revolve ; and the directions in which 
they rotate. To this last clause the apparent obstacle pre- 
sented by the retrograde rotation of Uranus (and possibly o( 
Keptune also) is seen on closer examination to be no real 
obstacle; and the fact that the exception occurs among the 
outermost planets, just where we mipht expect it to occur, if 
at all, ia a powerful argument in favour of the general theory. 
A like powerlul argument is furnished by the exiat«nce of 
apparently -continuous ringa about Saturn, the planet upon 
which the centrifugal force bears the highest ratio to gravity. 
Still more convincing is the testimony rendered by the dia- 
trihution of satellites, — a testimony well-nigh meeting all 
Ibe nMiuirements of crucial proof. Irregular as are the aizos 
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of th'j (>laiiets on a Bnperficial view, ve find beneath 1 
appaniit irregularity a maivelloiis symmetry of dispositioi 
the explnnation of wliich, though incomplete, is as far as i 
goes in favour of the nebular hypothesis. The breaking ura 
of the zone of a-^teroiiis, though not fully explained, is a 
to have occurred in the only part of the system where auoh an 
event, according to the hypothesis, waa likely to occur. And 
finally the geologic or meteorologio phenomena manifested by 
the four planets whose surfaces have thus far been success- 
fully studied, are just what the theory requires them to be. 
The intense heat and furious volcanic activity of Jupit«r 
and Saturn, the extreme loss of heat and cessation of volcanic | 
activity upon the moon, the moderate temperature and habit' 
able aspect of Mars, are alike deducible from the nebulaxi 
hypothesis. 

I doubt if such persistent agreement between dednctdoi 
and observation has ever been witnessed in the ca-ie of a 
erroneous or radically inadequate hypothesis. If the solsS 
ultimate test of a theory is that it reconciles the order ( " 
conceptions with the order of phenomena, may we not sajl 
that the theory of Kant and Laplace, having sustained the 
repeated application of this test, may be accepted provisionally 
as a true account of the past history of our system of 
worlds? It is true that the ftppUcation of the test has not ■ 
yet been made exhaustive ; the verification is not 
complete. Some of the interpretations above given are s 
H8 I have acknowledged, but partial ; and there are yet o 
groups of phenomena with which I have not ventured ( 
meddle. To the various densities of the planets 
alluded but incidentally ; and the various angular velocifciea. ' 
as well as the order of distances formulated in the law of 
Titius, still await an explanation. Besides which, the evi- 
dence from the physical condition of the surfaces of Menmiy 
and Venus, Uranus and Neptune, and the moons of the foni 
outer planets, is not yet forthcoming. It would be asserUni 
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too much, fcflerefore, to assert that the nebular hypothesis is 
completely verified, like the hypothesis of gravitation. But 
on the other hand, they understand little of the logic of 
■cientific inquiry who expect to obtain the same kind and 
degree of evidence in the former case as in the latter. It 
was part of Newton's rare good fortune that his hypothesis 
was the generalization of a physical property of matter. 
which could be verified by a single crucial instance. In 
none of the concrete sciences can such kind of verification 
be looked for. A theory relating to a heterogeneous assem- 
blage of concrete phenomena can only be verified gradually, 
■3 the successive groups of phenomena in question are one 
after another successfully studied and interpreted. Thus the 
complete verification of the nebular hypothesis, as applied 
merely to the solar system, involves the complete explana- 
tion of the chief dynamic and physical features of the 
system; and for this we have yet to wait. Meanwhile the 
theory possesses such nnmistakeable marks of genuineness, 
it conforms in so ninny and various ways to the test of 
reconciling the order of conceptions with the order of 
phenomena, that no one capable of estimating scientific evi- 
dence would hesitate in provisionally aci^cpting it. Devised 
to account for a certain limited group of phenomena, it not 
only accounts for these, but also for other groups of pheno- 
mena, not considered by its propounders. Facts which on a 
superficial view appeared as obstacles to the theory, have on 
closer examination turned out to be powerful arguments in 
its favour. It is sustained by all the facts within our ken, 
and invalidated by none. And it has so fur thriven with 
the progress of discoveiy during the past hundred and twenty 
jrears, that at the present moment it commands wider assent 
than at any previous time since its first promulgation. 

Of this last statement we find striking confirmation as 
we pass beyond the limits of the solar system and seek for 
evidence in the remotest depths of stellar space. It is \vell 
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kniiwn that Sir WilHatn Herschel enpposed certain irresoJ 
able nebulae to consist of self-luminous vapour hoverinjn 
cloud-like in splice, Laplace associated this hypothesis with 
his own theory of planetary evolution ; pointing to tlie pre- 
sent existence of nebulous masses as confirmatory proof o( 
the past existence of such a nebulous mass as his theory 
n^qnired. According to this xiew, the irresolvable nehnliE are 
simply starry systems in embryo; and when onr planetary 
system consisted simply of the sun diffused in gaseous form 
over a circumference of perhups thirty thousand million miles, 
it was just like one of these nebulie. But since Herschel's 
time many nebulse, which he regarded as irresolvable, have 
been resolved into dense starry clusters. The gri^at nebula 
in Orion, upon which Herschel placed great reliance, was 
resolved both by Lord Rosse's reflector and by onr Harvard 
refractor; and the suspicion began accordingly to arise that, 
if our telescopes were only powerful enough, there might 
prove to be no irresolvable nebulre at all Hence many 
writers thoughtlessly hastened to proclaim that the nebular 
theory had lost its chief support, forgetting that the over- 
wheJming evidence furnished by the comparatively well- 
known structure of the solar system must take precedence of 
any hypothesis as to the character of remote and less-known 
sidereal phenomena. Mr. Chambers, in giWng an acconnt of | 
the resolution of the " dumb-bell " nebula in Vulpt 
rather gleel'uUy wrote the obituary of the nebular hypothe* 
but like many other obituaries, this one turned out to be ' 
premature. For now came Mr. Huggins, with his spectro- 
scope, and proved once for all that the wary and sagacious 
Herschel, who hardly ever made a false step, was right, here 
as elsewhere. In 1S64 Mr. Hnggins analyzed the light sent 
&Dm a nebula in Draco, and found it to contain the bright 
lines irhich are sure evidence of the gaseous condition of the 
luminous body. Since then several other nebulie have beaQ4 
proved to be gaseous ; so that the queadon may now I 
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re<jarded aa settled for ever, and as settled in fuvonr of the 
nebular liypothesis. Heocufovth, to the evidence found in 
the stmcture of our planetary system, there may be added 
the weighty argument that masses of matter still exist in 
■pace, in the very condition in which our system must have 
originally existed. 

If the nebular hypothesis was ever to he subjected to a 
liazardous trial, one would suppose that the discovery of 
spectrum analysis must have furnished the occasion. Here 
is a discovery which has suddenly enlarged our kuowledga of 
the stellar universe in a manner utterly beyond the power of 
the greatest and subtlest mind to have predicted twenty 
years ago, — a discovery which not only reveals to us the 
actual motions of the stars, but eren penetrates into their 
molecular structure, and discloses the chemical elements of 
which their surfaces are composed as well as the physical 
Btate of aggregation of those surfaces. Now if ever, one 
might think, is the time to find out whether our nebular 
hypothesis, devised in an era of comparatively scanty astro- 
nomical knowledge, is a sound liypotiiesis op not. If it 
survives this immense, unprecedented extension of our know- 
ledge, what more magnificent triumph could we wish for it 1 
And here we see that tho very 6rst result of the application 
of spectrum analysis to sidereal phenomena has been the 
placing of the nebular hypothesis upon a firmer basis than 
ever before, removing the only serious obstacle which had 
hitherto deteixed many cautious thinkers from committing 
themselves to it. 

Spectroscopic researches but lately undertaken, and not yet 
carried out to a decisive result, seem likely not only further 
to strengthen the noble theory of Kant and Laplace, but t^ 
give it a comprehensive sifjnificance of which those great 
liiinkers could never have dreamed. Along with further 
lonfirmation of the process of mechanical and physical 
ivolntion, as originally Formulated in their hypothesis, cvi- 
o 2 
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deuces are daily coming in to show that there is going on Sfl 
parallel process of chemical evolution from homogeneity tsl 
heterogeneity, which is do less wonderful in ita signiRcanci 
The old empirical classification of stars according to thrf 
colours is beginning to have a new meaning. The method m\ 
compaiisoD is becoming applicable in astronomy, as it hai 
long heen employed in the study of organisms, of societies. 
and of languages. It begins to be probable that among the 
various groups of stellar bodies there may be found cosmical 
matter in many different stages of evolution, — from the pri- 
mitive nebula which yields but a simple hydrogen-line, to 
such a highly-evolved body as our own sun with the many- 
lined vapour of iron abundant in ita heated atmosphere 
But into this fascinating regiou of speculation it would 
be somewhat premature for us now to enter. Merely 
indicating what a rich harvest of discovery is here likely 
to reward the labourers of the immediate future, I would 
call attention to an interesting speculation of Mr. Spencei'y 
the possible inailequacy of which need not weaken ' 
effect of the evidence above cited from planetary 
uomena, and which is in every way worthy of serioi 
consideration. 

According to Mr. Spencer, the distribution of nebol 
affords a significant illustration of the nebular hypothesis. 
Speaking generally, nebnlie occur in r^ons where developed 
stars ore scarce. The vast groups of spherical nebulee, here 
and there partly developed into starry clusters, which con- 
stitute the so-called Magellanic Clouds, are situated in a 
district of the sky that is otherwise starless. Now by far 
the most striking of this class of facts is one which serves to 
bring the entire sidereal system into direct comparison with 
that little portion of it to which we belong. Just as the 
planets lie fdmost entirely in a single plane, so the stars aie 
distributed in almost infinite numbers in the plane of ttu 
Milky Wa)*, while olsewheie thev occur rarely. And joot 
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U the comets are cliicdy distributed about tbe poles ol 
our solar system, their orbits cutting its equatorial plane at 
great angles, so the nebul.'e are found in greatest numbem 
about the poles of the galaxy. It seems unlikely that this 
parallelism, which Mr. Spencer was the first to point out, 
should be accidentaL It indicates a common mode of evo- 
Intion of the whole starry system. It vaguely points to a 
gigantic process of concentmtiun going on throughout the 
galaxy, analogous to the local ptocuss of concentration which 
has gone on in our own little platietary group. Still more 
obvious will this become when we consider the explanation 
of these phenomena which Mr. Spencer iias offered. 

Observation shows that while the more consolidated 
nebulse are oval or sphemidal in shape, the less consolidated 
nebulffi are often extremely irregular, throwing out long arms 
of vaporous matter into the adjacent spaces. This agrees 
with what we have learned to expect in any rotating mass 
which gravitation is slowly drawing closer and closer together. 
The oval form is due, as we have seen, to the combined 
eBects of gravitation aud rotatory moveitient. But thia im- 
plies an earlier state in which the figure was irregular. Now 
while the heavier portions of the mass were being drawn 
together so as to acquire a spheroidal contour, the lighter 
portions, floating farther from the centre of gnivity, would 
remain like detached shreds of cloud, or like long luminous 
streaks. And while all these wotild ultimately he compelled 
by gravitation to revolve about the centre of the mass, never- 
theless the lightest and outermost shreds would be a long 
time in acquiring a definite direction of revolution. While 
the greater number would be doubtless drawn in and ah* 
Borbed by the main mass at an early stage, the chances are 
that some would not arrive until the main niass bad become 
considerably contracted. Now it is easy to see that such 
(ate arriving flocculi, coming toward the centre of gravity 
from a great distance, and therefore having small aiiguhii 
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Telocities, will move in very eccentric ellipses. In the next 
place, while they will come from all parts of the space which 
the mass originally occupied, they will comu chiefly fiom 
regions remote from the plane in which intc'p'atioD baa been 
most marked, — that is, from the poles of the nebula rather 
than from ito equatorial regions. And thirdly, having failed 
to accompany the retreating mass of the nebula while it 
was first acquiring a definite direction of rotation, theil 
own revolutions will be det«miined chiefly by their irre- 
gular shapes, and they will he as likely to be retrograda 
as direct. 

All this is true of comets: they come chiefly ^m higb 
solar latitudes, along immensely eccentric orbits, and in 
directions which are indifferently direct or retrograda And 
when we add that tliey are nebulous in constitution, it 
appears higldy probable that tliey arc simply outlying shreds 
of the nebula from which our planetary system bas been 
developed. As for the irresolvable patches of nebnlons 
matter which are distributed about the poles of the galactic 
circle, their distance from us is so great that we have not yet 
ascertained anything trustworthy concerning their motions. 
But the fact that their position in high galactic latitudes is 
explicable upon the same general principles which explain 
the positions of comets, raises a presumption that their 
relation to the galaxy as a whole may somewhat resemble 
that which comets bear to the solar system. Between Qie 
possible careers of the nebulte and the comets, there is, 
however, a mighty difference. The nebula which we see 
through quadrillions of miles shining by a light of its own 
must needs be an enormous object — enormous in mass as 
well as in volume — and its gravitative force must be pro- 
portionate to its size. While, therefore, its gradual con- 
traction is likely to be attended by its development into • 
planetary system, by a process of iulegration and diffe- 
rentiation such as we have hure described; on the otfaei 
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. huut the comet is an object of iiiconstc1era1:)la tnase, tbougli 
Dflea of considerable volume. The ali^'ht conceaimtion (A 
which it is capable will not produce planetary syatema or 
even asteroids, but only streams of meteors or shootiug-stars, 

Lrach as are now poured down upoa tlie earth aud its nei^h- 

I' hour planets at the rate of a hundred tliousitnd million each 
year. The researches of tlie past ten years have gone far 
to show that such meteoric streams differ from nebulous 
comets in no respect save in their greater aggregation; the 
difference being similar to the difference between a c!oud 
and a shower of rain-drops. We ore constantly encounter- 
ing portions of these condensed comets and uniting them 
with our own planetary substance. And in this way tha 

L integration of the outlying portiona of our primitive nebula 

ft JB, at this late day, still going on. 



Aa we pause to survey, in a single comprehensive glance, 
this gigantic process of Planetary Evolution, in which the 
integration of matter and concomitant dissipation of mole- 
cular motion, kept up during untold millions of ages, has 
brought about tlie gradual transformation of a relatively 
homogeneous, indefinite, and incoherent mass of nebular 
T&pour into a decidedly heterogeneous, definite, and coherent 
system of worlds ; we are at first struck by the peculiarity 
that the process has apparently long since come to a close 
in the establishment of a complete moving equilibrium. 
Habitnated as we are to the contemplation of fleeting 
phenomena, the stai-s in their courses have become the 
types of permanence; and the stability of our planetiiiy 
system has furnished a fruitful theme for the admiring cotii- 
otenta of the mathematician and the theologian. In so far 
IB thia appearance of eternal stability is well founded, it 
admirably illustrates the theorem, already cited in our dis* 
BUflsion of the rhythm of motion, that wherever th*) force* 
V fat action are few in number aud simple In compositiou, tha 
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reaaltin.; rhjfthms will be simple and long-enduring. Nevi 
theless the processes atii] going on in our system are att( 
as to forbid the coDclusion that this apparently permanent 
sijuilibrinni is destined really to be permanent. The con- 
centration of matter and concomitant dissipation of tnolfr- 
cular motion, which has gone on from the beginning, must 
still continue to go on until it has reached its limit. That 
consolidation and accompauyia^ refrigeration which has 
changed the earth from a nebula into an incandescent star, 
and from a star into an inhabitable piauet, must continue 
until a state of things is inaugurated for which we must seek 
B parallel in the present condition of the moon. So, too, 
the contraction which generates the prodigious quantity of 
heat daily lost by the sun, cannot go on forever without 
reducing the sun to a solidity incompatible with the furthw 
generation of radiant energy. 

Thus the moon appears to afford an example of 
universal death which in an iminiaginably remote future, 
awaits all the members of the solar system. It then be- 
comes an interesting question whether this cosmic death 
will be succeeded by Dissolution, — that is, by the rediffu- 
sion of the matter of which the system is composed, and 
by the reabsorption of the lost motion or its equivalent. 
We shall find it difficult to escape the conclusion that such 
Dissolution must ultimately take place. 

If, along with the dissipation of mclecular motion 
descril^d, the planets are also losing that molar motion tn 
which is due their tangential momentum, this loss of motion 
must ultimately bring about their reunion with the son. 
Upon such a point direct observation can help ns but little ; 
but there are two o]>posing considerations, of a force which 
none will deny, and based on facts which none can dispute 
Two sets of circumstances are struggling for the mastery. — 
the one eet tending to drive the planets farther and fartfaei 
•niiy from the centre of the system, the other set tending t* 
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draw them towards the centre. Let ua see which eet mnBt 
prevail in the end. 

Hitherto, in all probability, the first set of circumatfluces 
has had the advantage. There is little reason to doabt that 
all the planetary orbits, both primary and secondary, are 
Bomewhat larger now than they were originally. This i~ an 
indirect consequence of the slow loss of rotatory momentum 
due to tidal action. The calculation by which Laplace 
thought he had proved tliat the terrestrial day had not 
lengthened since the time of Htpparchos, has been shown 
by Prof. Adiitns to be vitiated by the inclusion of an er- 
roneous datum; and the theory involved is no longer 
tenable. It baa been proved that the tidal wave which 
the moon draws twice a day around the earth, ia the op- 
posite direction to the terrestrial rotation, acts upon the 
earth like a brake on a carriage-wheeL Owing to this cir- 
cumstance, the day is now one eighty-fourth part of a second 
longer than at the beginning of the Christian era ; and it is 
destined to continue lengthening until in the remote future 
there will be from three to four hundred hours between 
sunrise and sunset. But the rotatory momi'ntnra thus 
lost by the earth is not destroyed. In conformity with 
R well-known principle of dynamics, it is added to the 
tangential momentum of the moon, and thus lengthens the 
radius of the moon's orbit. The more slowly our planet 
rotates, the farther the moon retires from us. A similar 
relation holds good in the case of the planets and the sun. 
Xot only is it demonstrable d priori that the planets must 
cause tides upon the surfuee of the sun, but the tides caused 
by all the primary planets, save Mars, Uranus, and Neptune, 
have been actually detected by a minute comparison ot 
the variations in the solar spots. Tliese tidal waves ue 
drawn around the sun in thn direction opposite to that of 
his rotaliuu, and must therefure exert a retarding e£fect. 
And the rotatory momentum thus stolen from the sun ii 
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added, in accordance with a pro raid princi]>le of distriba*) 
tion, to the tangential momenta of the variouB planet 
concerned in the theft. There can be little doubt, thei 
fore, that all the planetary orbits, both primary and seconcUi 
ary, are steadily enlarging, and that this process must go ow 
until that synchrony between revolution and rotation now 
witnessed in our moon becomes universal, unless it ia pp&< 
viously checked by the cessation of tidal phenomena, 
between the earth and moon, for example, the ultimate 
result of tha whole process must be the lengthening of th 
terrestrial day until it coirespondg with a lunar month, i 
that the earth and moon will move in relation to each otbei 
juat as if joined together by a rigid rod. This result will 
actually be realized unless forestalled by the complete 
refri;^'eration of the earth, which will put an end to tb^ 
tidal friction. In like manner the sun's rotation moab 
diminish until equilibrated with the motions of the planetfl 
unless this result ia forestalled by the completed refrigera 
tion of the sun. And in all coses, so long as the procet 
goes on, there must be a tendency, however slight, for thtf 
planets to recede from the sun. 

The action of this set of circumstances, however, thonj 
hitherto no doubt predominant, is slrictly limited in duration^ 
Sooner or later an equilibration of motions will be reached^ 
and this receding tendency will cease to be manifested. ] 
ia quite otherwise with the opposing set of circumstance 
which we have now to consider. We have now to coiitem*- 
plate a cause which operating from the very oulset, and still 
insidiously operating, will continue to operate long after the 
process just described has come lo an end. Each year's dift- _ 
Doveiies show more and more conclusively that the inte 
planetary spaces are filled with matter. The existeuoe i 
•ome interplanetary and interstellar matter ia indeed i 
necessary condition for the transmission of light and otli 
forms of radiance. Kow wherever a body moves thiough f 
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material mediutD, it meets with reBistance ; it imparta motion 
to the medium, and loses motion in so doing. If the body is 
K planet like Japiter, weighing a couple of septiHions of tons, 
and rushing along at the rate of eight miles per second 
through an ether far liyhter than the air left in an exhausted 
receiver, the resistance will be inconceivably small, I iidmit. 
Still there will be resistance, and long before the end of time, 
this resistance will have eaten up all the immense momen. 
turn of the planet. A Hindu, wishing to give expression to 
his idea of the duration of hell-fire, said that if a gauze veil 
were to be brushed against the Himalaya mountaius once in 
It hundred million centuries, the time required for thus wear- 
ing away the whole rocky range would measure the tornienta 
of the wicked. One marvels at such a grandiose imnyination ; 
but the realities of science beggar all such attempts at giving 
tangible shape to infinitude. The resistauce of an ethereal 
medium may work its effects even more slowly than the 
Hindu's veil, yet in time the eEfects must surely be wrought. 
Either the planets are moving in an absolute vacuum — a 
supposition which is incompatible with the transmission of 
h^t and light — or else the resistance of the medium must 
tend to diminish their angular velocities.' 

In the absence of any counteracting agencies — and, after 
the cessation of the process above described, none such are 
assignable — this loss of tangential momentum must ulti- 
mately bring aU the planets into the sun, one after another, 
beginning with Mercury and ending with Neptune. Here the 
concentration of matter appears to have reached its limit. 
But what must now happen) 

Let UB uuts that the tangential momentum lost l^ the 
planet is lost only relatively to its distance from the sun. As 
-.he planet draws nearer to the sun, its lost tangential 
momentum is replaced, scd somewhat more than replaced, by 
the added velocity duo to the increased gravit^ative fotce 
1 Se« Balfour Stewart, 7^ Coiutrvatum qf Energy, p. St, 
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has been tranBformed into heat aod radiated away, and is not 
represented by any form of motor energy now stored np in 
the solar system, it follows tliat the sudden transformation of 
the penultimate molar motions of the planets into heat cannot 
result in the production of another nebula ao large as the 
one from which our present system has been evolved. Id 
seeking to trace out the implications of this conclusion, ve 
at once arrive at an impassable barrier, which is only shifted, 
hat not overthrown, when we consider the results of the 
probable nltimate conflict between our own system, thus dis- 
integrated, and other sidereal systems belonging to our galaxy, 
[n order to give a complete account of the matter, we ought 
to know what has become of all this motor energy which we 
have been so prodigally pouring away, in the shape of radiant 
heat, into the interstellar spaces. Is the equivaleLt of thia 
motor energy ever to be restored, or is the greater part ot it 
forever lost in the abysses of infinite space? Before we can 
answer such a question, we need to know whether the inter- 
stellar ether, which is the vehicle for the transmission of 
molecular motion, is definitely limited in extent, or prac- 
tically infinite; and we need to take into thn account the 
dynamic relations, not only of our entire galactic system, 
but of othar stellar systems, if such there are, beyond the 
utmost ken of the telescopa Here science fails us, Astro- 
nomy, the simplest and clearest of the sciences, becomes, 
when treated on this gi'eat scale, the most difficult and 
obscure. An infinity and an eternity confront ns, the secrets 
of which we may not hope to unravel At the outermost 
vei^e to which scientific methods can guide us, we can only 
catch a vague glimpse of a stupendous rhythmical altema- 
ion between eras of Evolution and eras of Dissolution, suc- 
k«eding each other ■' without vestiges of a beginning am' 
without prospect of an end." 




Is treating of Evolution in general, it waa shown ho« 
organic bodies are, by a peculiar concurrence ofoonditioiu, 
enabled to lock up a great deal of motion within a smaU 
compass, ao that permanent redistributions of structure and 
function can be effected. From the decisiveness with which 
this peculiar advantage possessed by organic bodiea waa 
indicated, it might have been surmised that in the case of 
inorganic a^regates an attempt to trace the secondai; 
phenomena of differentiation and integration would prove 
illusory, owing to the absence of this concurrence . of con- 
ditions. In many inorganic bodies it is true that there doss 
not go on to any notable extent that secondary redistribution 
whidi results ia increase of heterogeneity. The evolution of 
I cloud, a rock, or a crystal, is little more than an integration 
of matter attended by dissipation of motion. In the evolu- 
tion of tho solar system, on the other hand, we hav4 
witnessed an Increase in heterogeneity, dcfinitenesa, and 
coherence that is very marked, though by no means so 
prominent as in the case of organic evolution. This increase 
m determinate multiformity, such as it is, is due to the 
special mechanical principle that in any rotating system o( 
particles, regarded as practically isolated, a steady cooceotn* 
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tion, entailing increased rotatory velocity, must end in the 
segregation of the equatorial zone from the rest of the 
eyatem. This principle is exemplified, on a diminutive scale, 
in the artificial evolution of a system of cil-globules, whereby 
M. Plateau has imitated the evolution of the planets. To the 
reatilting equilibration between gravity and the centrifugal 
tendency at the place where the detachment occurred, is due 
the permanence and defioiteneas of the structural different- 
iation. Owing to these conditions, and to its enormous size, 
implying great power of condensation along with the very 
slow dissipation of the heat generated by the condensation, 
the integration of our genetic nebula has been compatible 
vith the relention of much relative motion of parts. And 
here accordingly, as in all cases where there is a considerable 
retention of internal motion, the secondary rearrangemente 
characteristic of Evolution have been conspicuously mani- 
fested. 

In the evolution of our earth, regarded by itself, we have also 
to notice a very decided progress in determinate multiformity, 
even without taking into the account that specialized group of 
terrestrial phenomena which we distinguish as organic. Here 
there have been two conditions favourable to the retention of 
enough motion to allow considerable secondary rearrangement 
of parts. In the first place, the great size of the earth has 
prevented it from parting too rapidly with the heat generated 
daring its condensation ; and since the early formation of a 
soL'J, poorly-conducting crust, the loss from radiation woiJd 
aeem to have been very gradual. The importance of this 
circumstance may best be appreciated by remembering the 
very different career of the moon, as indicated in the foregoing 
chapter. The disappearance of igneous and aqueous agenciee 
on the moon implies the cessation of structural rearrangement 
there at this early date;' and when we sought for an explana- 
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lion of this state of things, we found an acleqimte explanation 
in the rapid loss of heal which the Bmall size of the moon 
has entailed. It is not likely, therefore, tbnt the moon can 
ever have been the theatre of a geologic and o^Ianic develop- 
ment 30 rich and varied as that which the earth has witnessed,' 
■ In the second place, the following chapter will show that 
the chief circumstance which has favoured terrestrial hetero- 
geneity has been the continuous supply of molecular motion 
from the sun. To this source may be traced all the aqueons 
phenomena, save the tides, which concur in maintaining the 
diversity of the earth's surface. Aud having thus seen how 
a complex geologic evolution is rendered possible, we shall 
fartlier discern that organic evolution also — that highly 
specialized series of terrestrial events— is rendered possible 
by the same favouring circumstance. 

' An etimple of ths too hasty kind of inference which ii often drawn fat 

dlicDBaing thd question of life npon other plxnets, niay bs found in a Kcent 
lacid &nd EOf^^cfltive pnniphlet by Prof. Winchell, entitli^d " Ths Geolo^ of 
the Stsre." " Tlio loic o^e of the moon," «ayi the snthof, " wns rraehod 
while yet oar world remBiaed, perhupg, in & (rtairing condition. Its hnnun 
period was ptmiing while the eMofin was eolitnry occupant of our primeral 
ocean." Uare careful reHection will probnhly convince ua thnt, with >ncll k 
rapid succesHion of Reologiu epochs, the mron can hardly hnve lia J any hunun 
period. For the purposes of com para tire geology, the curth and the mcton 
ntST be rvgariled as of practically the same antiquity, Kow, mpposing; tha 
earlipst ape-like men to h«Te mndo their appoarooce on the firth, i»y during 
the tUocene epoch, we tunst Temctnber tliet at tbnt tieriod the noon mnat 
hare adTanced in rcrrigenttion Rinch fnrther thnn the naith. Supp«aing 
oi^nnic evolntion to hare ^ne on with equHl pace in the two planets, it might 
be argoed that the moon would be fast brcoming nnHt for the snnpoTt of 
orpLiuic life at about the lime when man appeared on tha earth. Still more, 
it is a fair inference from the theory of natnml lelection, that npon ■ smaU 
pluniit there ia likely to be a alower and Itsa rich and varied evolntion of lifa 
thnn upon • large planet. On the whole, therefore, it does not ieem likelj 
that the moon cnn erer have given rise to organisme nearly so high in the 
•ealc oflife oa human beings. Lou;; before it could hare attained to any aneh 
point, its surface ii likelv to have become nninbuhi table by air-brcnthing 
organiamx. Long before this, no doubt, ita ourince nir and water must hava 
nnk into Via interior, and loft it tha mere lifeless ember that it is. The mooa 
would thus iippFar to be not merely an extinct world, but a partially aborted 
world ; and the still sraallcr arteroids are perhaps totally aborted worlds. 
HeTertholesa, from the earth dorni to the moon, and from toe moon down t« 
an asteroid, the liifferenees are at bottom only differencfs of dejrrpe ; thouA 
the differences in result may range all the way from a world iiahitRl I" by 
eiviliied men down n. a mere dc.id I'^U of plunctory matter. An inuifitini 
txample, if it be touiid, of tha coulinnity of eosniical phcoomen^ 
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Letnenowproceed to note two or three conspicuous features 
of geologic evolution, rememberinjj; that in ao doing we are but 
following out a portion of the phenomena of planetary evolu- 
tion discusaed in the preceding chapter. There is no demar- 
cation in the series of phenomena, save that which we 
arbitrarily introduce for convenience of study and exposition. 
The process of integration of matter and dissipation of motion 
which we have just witnessed in the solar nebula as a whole, 
we have now to witness in that segregated portion of it which 
we call our earth, and we have to observe how here also in- 
detenninate uniformity has been succeeded by determinate 
mnltiformity. 

In the fonuatiou of n solid crust about the earth, there 
appeared the first conspicuous geologic differentiation ; re- 
sulting not only in increased heterogeneity, but in increased 
definiteness, as the crust gradually solidified. For not only 
did the planet thus acquire a more definite figure, but also a 
more definite movement ; since the solidification of the crust 
moat have diminished the oblateneas of the spheroid, thus 
gradually reducing the disturbance known as precession. 
Next with the deposit of water in the hollow places of this 
crust, there came the differentiation between land, sea, and 
atmosphere ; and this differentiation became more marked as 
vast quantities of carbonic acid, precipitated in this prinieva! 
Tftin, left the atmosphere purer, and purified also the ocean 
by segregating its contained lime. At the snme time thiit 
this vast condensation of ocean-water from pre-existing steam 
ooDstituted a secondary integration attendant upon the earth's 
loss of molecular motion, the further thickening of the solid 
crust l)egan to entail other more local integrations. As Mr. 
Spencer points out, while the earth's crust was still very thin, 
there could be neither deep oceans nor lofty mountains nor 
extensive continents. Small islands, barren of life, washed 
by shallow lakes, void of animate existence, and covered with 
' » dense atmosphere, loaded with carbonic acid and aqueoua 
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vapour, must have characterized the surface of our planet at 
this primeval epoch. But as the ever thickening crust slowly 
Bollapsed about its contracting contents, mountain ridgea ol 
considemble height could be gradually formed, islands coulii 
cohere over wider and wider spaces, and deeper basins woiold 
permit the accumulation of large bodies of water. Numerous 
integrations of islands into continente, and of lakes into 
oceans, would thus occur, making the differentiation of land 
and sea more distinct and definite. The integration of conti- 
nents and tlic rise of mountain chains in different directions 
mnst have enlarged the areas of denudation, and thus rendered 
possible the integration of masaes of detritus into extensive 
Bedimentary strata. Differences of watershed and river- 
drainage thus caused addiid variety to the resulting geologic 
formations; and these, crumbling into soil of more or less 
richness, afterwards impressed differences upon vegetation, 
and thus indirectly upon animal life. Yet again, the thick- 
ening of the crust must have added to the definite hetero- 
geneity of the surface by its effect upon volcanic phenomena. 
While the crust was still thin, the angry waves of liquid 
matter imprisoned beneath must have continually bnrst 
through volcanic vents, suddenly vaporizing large quantities 
of surface-water, and causing phenomena similar to those 
now witnessed upon Saturn and Jupiter. As the crust thick- 
ened, these volcanic agencies were more and more restrained : 
craters became restricted to certain localities where the crust 
was less thick than elsewhere, and earthquake waves began to 
run, as at present, along definite lines. Those well-regulated 
earthquake pulses which raise continents and ocean-floors at 
the rate of a few inches or feet per century, now be^au to in- 
axiase the definite heterf^neity of the surface. To the long 
rhythms of elevation and subsidence thus produced have 
been due countless difTerentiations in the directions of ocean- 
currents and continent-axes, in watershed, in the oompositioii 
oC Kdimentai; strata, and in climate. And to all these ntaj 
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be added the metamorphosis of fledimetitary rocks by volcanic 
heat, and the seismic shoving up of strata at various angles. 

AU these geulogio pheDomena are thus seea to he classifi- 
able as difTerentiatioDS and integrations of the earth's 
guperficial matter, cauaed by the continuona integration of 
the earth's mass with its attendant dissipation of molecular 
motion. We may next note that meteorologic phenomena 
m siinilarly classifiable. Before the . aoHdilicatioa of its 
enat, our planet must have been comparatively homogeneous 
in temperature, owing to the circulation which is always 
maintained in masses of heated tiuid. The surface-portions 
mnst, however, have been somewhat cooler than the interior, 
uid this difference would be rendered more definite by the 
formation of the crust, and by the subsequent separation of 
the ocean from the gaseous atmosphere. As the contour of 
land and sea became more definite and more permanent, 
differences in temperature between different parts of the 
surface must likewise have become more decided. Neverthe- 
less the chief cause of climatic diflerentiations — the inclin*. 
tion of the earth's axis — did not begin to produce its most 
conspicuous effects until a later period. As long as our 
planet retained a great proportion of its primitive heat, there 
could have been little difference between winter and summer, 
or between the temperature at the poles and at the equator. 
But when the earth had lost so much heat that its external 
temperature began to depend chiefly upon the supply of 
■olar radiance, then there commenced a gradual differentia- 
tion of climates. There began to be a marked difference 
between summer and winter, and between arctic, temperate, 
and iTOpical zones. And now also the distribution of land 
sod sea began to produce climatic effects, owing to the fact 
that solar radiance is both absorbed and given out more 
lapidly by land than by water. Areas of the earth's surface 
'Where sea predominated began now to be distinguished from 
ueoa where land predominated, by their more equable 
D D 2 
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. temperature. And because the amount of solar tadianca 
retained depends upon the density of the atmosphere, there 
ensued dift'erencea of cliniEite between mountains and valleys, 
between table-lands and low-lying plains. Here too the 
increased heteroj,'eneity was attended by increased deiinitfl- 
ness and permanence of climatic relations. For the thermal 
variatious, depending on the earth's rhythmic change of 
position with reference to the sun, set up atmospheric 
mirrents in definite directions and of tolerably regul&r 
recurrence. Sundry of these currents, awayed by the earth'i 
rotatory momentum, became specialized as trade-winds and 
monsoons; while in the ocean there went on a similar 
specialization, as exemplified in the constant course of the 
Gulf Stream and other marine currents. The deSnitenesa of 
the total result, as well as its heterogeneity, may be well 
illustrated by any map of isothermal lines ; hearing in mind, 
as we must, that during long periods these lines ahift only 
within narrow limits, 

Among the various portions of our earth's surface, more- I 
over, evolution has brought about a climatic interdependence; ' 
The dependence of terrestrial temperature upon the supply 
and distribution of solar radiance, has entailed a further 
dependence of local temperatures upon one another. For 
example the warm temperature of southern Europe is largely i 
dependent on the hot dry winds which blow from Sahan, I 
and which powerfully assist in melting the glaciers of tbaj 
Alpa If Sahara were to be submerged — as indeed it faaaj 
been at a I'ecent epoch — these dry winds would be replacedl 
by cooler winds charged with vapour, which would condensal 
into snow on the Alps, and thus enlarge the glaciers already ' 
formed there, instead of melting them away. Thus ttw 
olimate would be changed throughout Eui'ope, and the 
direction of winds would be altered over a still larger area 
of the globe. If Lapland and the isthnma of Panama wew 
to subside at the same time, so that iceber;;s could float 
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through the Baltio to the coast of Prussia, while the Gulf 

Stream would be diverted into the Pacific Ocean, the climate 
of Europe might become glncial. Yet eilher the submergence 
of Greenland, or the elevation of the East Indian Archi- 
pelago into a continuous continent, would perhaps suffice to 
neutralize all these ageucies, and restore the genial wamith. 
In such climatic relations we see vividly illustrated that 
kind of integration which brings the cundition of each part 
of an aggregate into dependence upon the condition of all 
the olhet parts. 

It ia DOW Buffieiently proved that tlie development of the 
earth, like the development of the planetary system to which 
it belongs, has been primarily an integration of matter and 
dissipation of motion, and secondarily a change from in- 
de6nit« homogeneity with relative isolation of parts to 
definite heterogeneity with relative intenlependence among 
parte. But our snrvey of telluric evolution is aa yet far 
I from complete. While enough has been said concerning the 
I'edistribntions of matter which have gone on over the face 
of the globe, nothing has been said concerning the far more 
wonderful and interesting redistributions of the molecular 
motion which the earth is continually receiving from the 
Bun. Here, aa already briefly hinted, we have the chief 
aource of terrestrial heterogeneity. In the chapter on the 
Law of Evolution, it was observed, as a general truth, that 
homogeneous forces incident upon a heterogeneous aggregate 
undergo difl'erentiation and integration. We shall now find 
this general truth beautifully exemplified in the hietoiy of 
the surface of our planet. At a remote era in that history, 
the differentiation and integration of solar radiance began 
gradually to constitute the most important part of the com- 
plex process of terrestrial evolution. We liava now to show 
how this has been done; and we shall find it desirable to 
introduce the subject with m inquiry into the Souroes of 
l^rreatrial Energy. 
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At the outset we may atate broadly that all ttrroatrial e 
13 doe eithtr to direct gravitative force, or to the arrest of the 
centripetal motion produced by gravitative force, either in 
the earth or in the sun. In other words, the entire series of 
terrestrial phenomena is the complex product of the earth's 
internal heat, combined with solar radiance, and with direct 
gravitative force exercised by the moon and other planeta. 

Beginning with the smallest and least conspicuous of these 
sources of energy, a mere allusion will suffice for the eO'ecta 
wrought upon the earth by its companion planets through 
the medium of their tidal action upon the sun. That the 
phenomena of the aurora borealis, as well as the periodic 
variations in the position of the magiietio needle, are depen- 
dent upon the solar spots, is now a well-established doctrine; 
and it seems not unlikely that we shall ere' loug succeed in 
tracing out other dependences of this soi-t, — as is shown, for 
example, in Mi. M^Idrum's investigation of the rektions 
between sun-spots and raiui'alL And whatever may be Lhe 
final explanation of the phenomena of sun-spol£, there can be 
Little doubt that the periodicity of the^i; phenomena is 
conditioned by the positions of the various planeis, and 
ea^ecialljr of the giants Jupitei aud iiaiurn. Cut tbuH 
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inter-relfttioiis, though they may be much mora importaot 
than ia as yet suspected, need not now detain us. SucS 
further eflects us may be wrought upon the earth by polarizeil 
light sent fi-ora the other planets, and by radiance from re- 
mote stellar systeins, may be left out of the account Nor 
need we do more than allude to the moon's gravitative force 
as the chief cause of the oceanic tides, with their reaultaut 
geologic phenomena. Passing over all these circumstancee, 
we come to the still unexpended energy represented by the 
earth's internal heat, concerning which we need only aay that 
it is the cause of the geologic phenomena classed as igneous. 
Volcanic eruptiona, earthquake shocks, elevuliona and auh- 
gidences of continents and ocean-Boors, metamuvphosea of 
sedimentaiy rocks, boiling springs, fractures of strata, and 
fonnatioDS of metallic veins, are the various manifestations of 
this form of terrestrial energy. 

But all these giaud phenomena must be regarded ns im- 
measurably inferior in variety and importance to those which 
are due to the transformation of solar radiance. These mast 
be described with somewhat more of detail. First, with the 
exception of the changes wrought by the tides, nil the geo- 
logic phenomena classed as aqueous are manifestations of 
transformed solar energy. Pulses of molecular motion pro- 
ceeding from the sun are stored as reserved energy in masses 
of aqueous vapour raised from the sea. This energy is again 
partly given out as the vapour is condensed into rain and 
6dla to the ground. The portion which remains is expended 
in the transfer of the fallen water through the soil, till it 
collects in rivulels, brooks, and rivers, and gradually descends 
to the occiiu whence solar radiance raised it, bearing aloug 
with it divers solid particles which go to form sedimentary 
■data. The wind which blew these clouds into the colder 
regions where they consolidated into rain-drops, was set in 
motion by solar euergj, — since all winds are caused by the 
Uie^ual heating of diffeieni parts of the earth's Bniface. 
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tipped with a pair of leaflets, t}ieae leaflets begin to absorb 
uid transform those more rapid waves of the Bunbeam. kuown 
BS 1j;^ht ami actinism. That the plant may contiuue to grow, 
by assimilating carbon aud hyJrogen, it ia necessary lor the 
leaf- molecules to decompose the carbonic acid of the atmo- 
sphere, and for tlie molecules of the rootlets to decompose the 
water which trickles through the ground. But before this 
can be done, the molecules of leaf and rootlet must acquire 
motor energy, — and this is supplied either directly or in- 
directly by the sunbeam. The slower undulations, penetrat- 
ing the soil, set in motion the atoms of the rootlet, and 
enable them to shake hydrogen-atoms out of equilibrium 
with the oxygen-atoms wliich cluster about them in the com- 
pound molecules of the water. The swifter undulations ai« 
arrested by the leaves, where they communicate their motor 
energy to the atoms of chlorophyll, and thus enable them to 
dislodge adjacent atoms of carbon from the carlxmic acid in 
which they are suspended. And these chemical motions, 
going on at the upper and lower extremities of the plant, 
disturb the equilibrium of its liquid parts, and thus inaugu- 
rate a aeries of rhythmical mular motions, exempliRed in the 
alternately ascending and descending currents of sap. And 
lastly these molar motions, perpetually replenished from the 
aame external sonrces, aiB perpetually expended in the 
molecular integration of vegetable cells and tibros. Thus all 
the energy stored up in the plant, both that displayed in the 
chemical activities of leaves and rootlets, and that which is 
diaplayeu in circulation and growth, is made up of trans- 
formed sunbeams, The stately trunk, the gnarled roots, 
the spreading branches, the ruefliiig leaves, the delicately- 
tinted blossoms, and the tender fruit, are all — as Moleschott 
no less truly than poetically calls thRm — the air-woven 
children of light. 

In remote geologic ages untold millions of these solai 
beams were occupied in separating vast quantities of carbon 
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Herbivorous animals in each of the great c'.asses, 
feed directly upon vegetable fibre, and bo. rearrange its mole- 
miles that the resultant tissues are more hi<^bly nitrogenous 
than those from which they were formed. More active car- 
nivorous animals derive from the enormous cbemism latent 
in these nitrogenous fabrics the vital energy displayed in 
their rapid bounds and in their formidable grip. But the 
energies which imprisoned this tremendous chemical force in 
the complex molecules which the animal assimilates, were at 
first supplied by sunbeams. Metamorphosed origiually into 
the static energy of vegetable tissue, this eun-derived power 
is again metamorphosed into the dynamic energy which main- 
tains the growth of the animal organism. And from the 
same primeval source comes the surplus energy, wliich after 
the demands of growth or repair have been satisfied, is ex- 
pended in running, jumping, flying, swimming, or climbing, 
as well as in fighting with enemies and in seizing and de- 
vouring prey. 

Besides these indirect and doubly-indirect methods in which 
animals differentiate solar energy, there are ways in which 
the metamorphosis is directly effected. To cite Dr. Carpen- 
ter's conclusions, as epitomized by Mr, Spencer: — "The 
tianaformation of the unorganized contents of au egg into 
the organized chicle, is altogether a question of heat : with- 
hold heat and the process does not commence ; supply heat 
and it goes on wiiile tlie temperatui-e is maintained, but 
ceases when the egg is allowed to cool. ... In the meta- 
morphoses of insects we may discern parallel facts. Experi- 
ments show not only that the hatching of their eggs is deter- 
milled by temperature, but also that tlie evolution of the 
pupa into the imago is similarly determined ; and may be im- 
mensely accelerated or retarded according as heat is ai'tifiuially 
supplied or withheld." The phenomena thus briefly citbd 
are to be classed under the geueral bead of organic stimidus ; 
uii iu a wide sense, one uiiglit almost say that all stimulua 
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knowledge is likely to bridge over; it is nevertheless nn- 
queationable both that every change in consciouanesa is con- 
ditioDed by a chemical change in ganglionic tissue, and also 
that there is a discernible quantitative correspondence be- 
tween the two parallel changes. Let us glance for a moment 
at certain facts which will serve to illustrate and justify 
theae propositions. 

Those changes of consciousness which aifl variously classi- 
6ed as thoughts, feelings, sensations, and emotions, cannot 
for a moment go on eave in the presence of certain assign- 
able physical conditions. 

The first of these conditions is complete continuity of 
molecular cohesion among the parts of nerve-tissue. A 
nerve which is cut does not transmit eensori-motor im- 
polaes; and even where the continuity of molecular equili- 
brium is disturbed, without overcoming cohesion, as in a 
tied nerve, there is no transmission. It ia in the same way 
that pressure on the cerebrum instantly arrests cousciousness 
when a piece of the ekuU ia driven in by a blow, and slowly 
arrests it when coma is produced by congestion of the 
cerebral arteries. Now the need for complete continuity of 
molecular equilibrium, both in the white and in the grey 
tissue, is a fact of no meaning unless a molecular rearrange- 
tnent is an indispensable accompaniment of each change in 
consciousness. 

Stamdly, the presence of r certain amount of nulritive 
material in the cerebral blood-vessels is essential to every 
change in consciousness ; and upon the quantity of material 
present depends, within certain limits, the rapidity of the 
changes. While rapid loss of blood causes fainting, or total 
itoppage of conscious changes, it b also true that lowered 
nutrition, implying deficiency of blood, retards the rate and 
interferes with the complication of mental processes. In a 
state of extreme anamia not only does thinking go on 
Ljr, but the manifold compounding and recompouuding 
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of oonscioQS cTianges, whicli ia implied in elaborate quanta 
Native reasoning;, cannot go on at all. Now the need for the 
constant presence of nutritive material is a meaningless fact 
unless each change in consciousness is dependent upon a 
molecular transfer between the nutritive material and the 
ner ve-substan ce. 

Thirdly, the maintenance of conscious changes requires 
the presence of certain particular materials in the blood, 
and the absence, in any save the smallest proportions, of 
certain other materials; while there are yet other materials 
upon the presence of which the rate and complication of 
conscious changes largely depend. The familiar fact that 
consciousness cannot for an inatant continue unless oxygen 
is in contact with the grey tissue of the cerebrum, is alone 
sufficient to prove that no conscious change is possible, save 
as the accompaniment of a chemical changa On the other 
band, the presence of carbonic acid or of urea in consider- 
able quantities retards the rate and prevents the elaboration 
of thinking ; and in still larger quantities it puts an end to 
consciousness. And in similar wise the effects of alcohol, 
opium, and hemp, as well as of that Siberian fungus whose 
inhaled vapour makes a straw in the pathway look too large 
to be jumped over, show us most vividly how immediate is 
the dependence of complex mental operations upon chemical 
changes. 

FouTthhj, the fact that the vigour and complexity of 
mental manifestations bear a marked ratio to the weight 
of the brain, to the amount of phosphorus contained in its 
tissue, and to the number and intricacy of the fine sinuous 
creases in the grey surface of the hemispheres, shows plain^ 
that changes in consciousness are conditioned both by the 
amount and by the arrangement of nerve-niateriaL 

Fifthly, we may see a like significance in the facta that 
the amount of alkaline phosphates excreted by the kidneys 
varies with the amount of mental exertion : and that 
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tional excitement so alters the com position of the blood 
that inrnnts have been poisoned by milk secreted by their 
frightened or ari.i;ry mothers. And lastly may be cited the 
beautiful experiments of Prof, Lombard, in which the heat 
evolved by the cerebrum daring the act of thinking was not 
only detected but measured, and found to vary according to 
the amount of mental activity yuiiig on. 

These, though the most conspicuous, are bat a few among 
tiie facts which force upon the pliysiologist the conclusion 
that there is no such thing as a change in consciousness 
which has not for its correlative a chemical change in 
nervous tissue, Heuco we may the better understand the 
rignificance of familiar facts which point to a quantitative 
correlation between certain states of consciousness and the 
ontward phenomena which give rise to them. A bright 
light, as measured by the pliotometer, produces a more 
vivid state of consciousness than a dim light. Substances 
■which the thermometer declares to be hot are, under nonoal 
circumstances, mentally recognized as being hot. The con- 
sciousness of a sound varies in viviilness with the violence 
of the concussions to which the sound is due. And bodies 
which are heavy in the balance excite in ns correlative 
sensations of strain when we attempt to move them. Con- 
versely the molar motions by which our states of feeling 
are revealed externally, have an energy proportional to the 
intensity of the feeling; witness the undulations indicative 
of pain, which, beginning with a slight twitching of the 
facial muscles, may end in spasmodic convulsions of the 
whole body. And of like import is the fact that gentle 
emotions, like slight electric and narcotic stimuli, agreeably 
quicken the heart's contractions ; while violent emotions, 
suddenly awakened, may stop its beating as effectually as k 
stroke of lightning or a dose of concentrated prussic acid. 

The bearings of such facts as these upon our theories of 
uental phenomena will be duly considared in future chaptera. 
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At present we have only to regard them as furnishing cciw 
elusive evidence that the phenomena which are subjectively, 
known as changes in consciousness, are objectively con». 
lated with molecular motions of nerve-matter which &re 
seen, in an iJtimate analysis, to be highly differentiated 
forms of solar radiance. Waves of this radiance, speeding 
earthward from the aun at the rate of more than five handred 
trillions per second, impart their motor energy to the atoma 
which vibrate in unison in the compound molecules of the 
growing grass. Cattle, browsing on this grass, and inte- 
grating portions of it with their tissues, rean'ange its mole- 
onles in more complex clusters, in which the tremendoos 
chemical energy of heat-saturated nitrogen is held in equiU- 
brium by the aid of these metamorphosed sunbeams. Man, 
assimilating the nitrogenous tissues of the cow, builds np 
these clusters of molecules, with their stores of sun-given 
and snn-rest rained energy, into the woudrously complex 
elements of white and grey nerve-tissue, which incessantly 
liberating energy in decomposition, mysteriously enable 
bim to trace and describe a portion of the astonishing 
metamorphosis. 

When one takes a country ramble on a pleasant summer's 
day, one may fitly ponder upon the wondrous significance of 
this law of the transformation of energy. It is woodixius to 
reflect that all the energy stored up in the timbers of tha 
fences and farmhouses which we pa^s, as well as in the grind- 
stone and the axe lying beside it, and in the iron axles and 
heavy tires of the cart which sti;nds tipped by the roadside ; 
all the energy from moment to moment given out by the 
loaiing cascade and the bnsy wheel that rumbles at its footk 
by the undulating stalks of com in the field and the swayii^ 
branches in the forest beyond, by the birds that sing in the 
tcee-tops and the butterflies to which they auon give chase 
by the cow standing in the brook and the water which bathei 
her lazy feet, by the sportsmen who pass shouting in dw 
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diatance es veil as by tbeir dogs and guns ; that all this 
multiform energy ia nothing bnt metamorphoaed solar radi- 
ance, and that all these various objects, giving life and cheer- 
fulness to the landscape, have been built up into their 
cj3gnizable forms by the agency of sunbeams such as those by 
which the scene is now rendered visible. We may well 
declare, with Prof. Tyndall, that the grandest conceptions of 
Dante and Milton ate dwarfed in comparison with the truths 
which science discloses. But it aeems to me that we may go 
farther than this, and say that we have here reached some- 
thing deeper than poetry. In the sense of illimitable vaat- 
ness with which we are oppressed and saddened as we strive 
to follow out in thought the eternal metamorphosis, we may 
recognize the modem phase of the feeling which led the 
ancient to fall upon his knees, and adore — after his own 
crude, symbolic fashion — the invisible Power wherecf the 
tnfiuite web of phenomena is but the visible garment 
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vital pba 
times, h was budlj slnu^a ttal ' 
r lyiani^ erea of • U^ tnitx of oomplexity, ebonld bave 
I Veo tmffoaei to be now and then dinctlj' evolred from UIs- 
', nnder farcmnlile dnnmstances. Eray iead« 
[ of ancient litentore vill renianber ham Anxtxaa SBCeeedel 
r fa replMtng fats lost iwarm of bees; and the aanctionlkaa 
•eeotded hj so erndite a poet as Ytr^ to tbe pc^mlar bdkl 
{b the genezatioD of insecta from putrescent meat* is goof 
Bvidence that tbe impa>sibilitf of such an oocmrNwe had 
uot jet been tiupected, or at least bad nerer been da^ 
sppieeiated. Still mon imptataat is tbe tes tii nony of 
Lnerettna — ^wbo, as Frot HaJdey well says, 'hsd dnnk 
deeper of tbe sdentiGe spirit than anj other poet of andeot 
ar modeni times except Goethe ' — when be aUndes to tbe 
primordial geoeration of plants and animals by the universal 
mother Earth. It is, howeTer, straining words somewhat 
beyond tlieir osnal me^ngs to call such specnlatioiiB 
" sdentific." They were the prodnct of an aliuoet total 
absence of such knowledge as is now called scieulific It 
was possible to infer that such highly organised creatures ai 
hymeDDpterona insects, suddenly appearing in putrescent 
Ifat, were qKmtaneonsIy generated tbete, only becaose it 
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tittle was definitely known about the relattona of orgnni 
to one another and to the inorganic world. Accordingly 
with the very beginnings of modern biological knowledge, 
and with the Bomewhat more cautious and systeuatio em- 
ployment of induction characteristic of the Beventeenth 
century, the old belief in Bpontaneous generation was called 
in question. By a series of very simple but apt experiments, 
in which pieces of decaying meat were protected from 
maggots by a gauze covering, the illustrious liedi proved, to 
the satisfaction of everyone, that the maggots are not pro- 
duced from the substance of the meat, hut from eggs de- 
posited therein by flies. So conclusive were these experi- 
ments that the belief in spontaneous generation, which Ii 
hitherto rested chiefly upon phenomena of this sort, was 
almost nnivefsally abandoned, and the doctrine that every 
living thing comes from some living thing — omne vivum ex 
vivo — received that general acceptance which it was destined 
to retain down to the present time. With the progress of 
biological knowledge, as the complex stnictures and regular 
modL-s of growth of the lower animals began to he better 
understood, and as the microscope begiin to dipclo-ie the 
existence of countless forms of life infinitesimal in size but 
complicated in organization, many of which were proved to 
he propagated either by fission or by some kind of germina- 
tion, the doctrine twine vivum ex vivo became more and more 
implicitly regardi'd as a prime article of faith, and the hypo- 
thesis of spontaneous generation was not merely scouted as 
absurd, but neglected as unworthy of notice. 

Philosophical tlieories conspired with observation and ex- 
periment to bring about this result. The doctrine oniTie 
vieum. ex vivo consorted well with the metaphysical hypo- 
Oiesis of an archarus or "vital principle," by means of which 
Stahl and Paracelsus sought to explain the dynamic pheno- 
mena manifested by living organisms. In those days when 
■t was the fashion to explain every mysterious ^Toup of 
E E 2 
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phenomena by imagining some entity behind it, the activitiea 
tlisplnyeil by living bodies were thought to be explained 
when ihey Vp-ere called the workings of a "vital prineiple' 
inherent in the liWng body, but di&tinct Irom it and triirTiT- 
ing unchanged amid its manirold alterations. If a stone 
Tails to the '^rroand, that ia a manifestalion of gravitative 
fbice ; but if a stream of b1o4d come rushing tbrongb a 
eapillaty tube and certain compound molecules of albuminous 
matter are taken from it and retained by the adjacent tissue, 
thea, according to the vitalisUc theory, the "vital principle" 
is al work. During life this ' principle " continues to work ; 
bat at death it leaves tlie oi^anism, wfakh is then ^vnt op 
to the mercy of physical forces. Socli was the theory of life 
which was held by many [AysiDlogista mrea at a time within 
the t«coUectioQ of peiaous now living; and it donbtlss still 
•arri\'es in minds nninstructed in modem sctence. So loi^ 
as this doctrine held andispated sway, the belief that all 
hfe proceetb from life was not Hkdj to be aena«^ m- 
pagBcd. For wboHth mctq fa^ •eimtsoo fron t 
"princaiile" Ilka ttato itariC cimU tina i 
principle" alias t Bosadea aU this, Ae Doetz^ if EnlirtiaB 
had Mt j«t bectt ot^ginated; all Uungs wtae iuppwid t» 
hare beta fiteKted ai oms ib their pnaoat wBri—; a^ aa 
ao wed w«8 Mt of explaumg aandfiea^y 4* «r^pB af 
Aa Mghnt ecgaaiiB^ aa thm waa ■• d~ 



a tp ai a te c ma t m i aeb wa »ain»eaed ta aeeowak far Oa whala. 
Strcaetheacd h]r Ane tJl^hj ileal MMqtigB^Oad 






I 



CO. tol) tub beginnings OF LIFE. 4SI 

"tlieory of omnipresent germs," or (less cumbrougly) as tlie 
" germ-tbeoiy." 

Now, as concerns the germ-theory, to which appeal is un- 
hesitatingly made whenever the question of spontaneous 
generatiou is discussed, it must be admitted to be extremely 
plausible, yet we must not forget tliat it has never been 
actually demonstrated : it has not been proved that the 
germ-theory ctvn do all that its advocates require it to do. 
It may well be the case that the air is everywhere full of 
germs, too fiitiall to be seen, which are capable of giving 
rise to all the organisms of whicb there is any question in 
the controversy about spontaneous generation : nevertheless 
this has not been rigorously demonstrated. The beautiful 
researches of Prof. Tyudall have indeed proved that the atmo- 
sphere is everywhere filled with solid particles, in the absence 
of whicb it would not be luminous ; and it is fair to suppose 
that among these particles there are always to be found some 
which are the germs of monads and bacteria. Still this can 
hardly be taken for granted; and Dr. Uastian ia right in 
reminding us tiiat it is reasoning in a circle to assume the 
presence of germs that cannot be detected, merely because 
there is no other way of accounting for the presence of 
monads and bacteria in accordance with the doctrine of RedL 

For in all discussions concerning spontaneous generation 
it should be borne in mind that the doctrine omne vivum ex 
vivo is itaelf on trial for its life, and cannot be summoned 
to the witness-box. The very point to be ascertained is 
whether this doctrine, wliich is admitted to hold good in 
the case of all save the lowest forms of life, holds good also 
if these. The doctrine rests entirely upon induction ; and 
while, in many cases, it ia legitimate to infer a universal 
proposition from a limited induction of instances, it is not 
legitimate to do so in the present case. For the fact that 
innumerable highly specialized types of animal and vegetal 
liCe aro kept up solely by generation :x vivo, can in nowise 
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I In the next place the overthrow of the dogmn of fixity 
" (rf species, and the consequent general disijlaeement of the 
Doctrine of Creatioa hy the Doctrine of Evolution, have 
made the scientific world familiar with the conception of the 
development of the more specialized forms of life from less 
ipecialized forms ; and thus the development of the leasi 
•pecialixed forms of life from the most complex forma of 
Dot-life ceases to seem absurd, and even acquires a sort of pto- 
bftbility. And finally, the researches of geologists, showing 
that our earth's surface was once " melted with fervent heat," 
aod confirming the theory of the nebular origin of our planet, 
have rendered it indisputable that there must once have been 
t time when there was no life upon the earth; so that cer- 
tainly at some time or otiier, though doubtless not by a 
(ingle step but by a number of steps, the transition irom 
not-life to life must have been made. Hence the doctrine 
vmne vivum ex vivo, as now held, means neither more nor less 
than that every assemblage of organic phenomena must have 
had ae its immediate antecedent some other assemblage of 
phenomena capable of giving rise to it : in otlier words, the 
doctrine has become little more tiian a specialized corollaiy 
from the persistence of force. In the case of all save the 
lowest organisms, the only antecedant pbeuomenon capable of 
ifpving rise to the organism in question has been inductively 
proved to be some other organism. But in the cose of the 
lowest organisms it is theoretically possible that the requisite 
antecedent -may in some instances be an assemblage of un- 
organized materials ; and it remains for induction to show 
whether this possibility ia ever actually realized or not, 
under existing terrestrial conditions. 

Such being the modification which modem diacovertea 
have imposed upon the doctrine omne vivum ex vivo, it need 
hardly be added that the hj'potbesis of spontaneous genera- 
tion has undergone a no less important change. The theory 
that OQ organism which is to any extent specialized in 8 
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tare can arise directly from a union of unorganized elements 
is ruled out of court. Such a conception, though it might 
be harmonized with the hypothesis of special creations, is 
utterly condemned by the Doctrine of Evolution. So long 
as it was possible to believe that enormously complex birdi 
and mammals were somehow conjured into existence, like 
Aladdin's palace, in a single night, by a kind of enchantment 
which philosophers sought to dignify by calliug it " creative 
fiat," it mii^ht well have seemed possible for animalcules to 
be spontaneously generated in air-tight flasks, or even for 
ma^ots to arise de novo in decaying meat Such a view 
might have been logically defensible, though it was not the 
one which actually prevailed. But now, in face of the proveil 
fact that thousands of years are required to effect any con- 
siderable modificatiou in the specific structures of plants and 
animals, it has become impossible to admit that such speciflc 
structures can have been acquired in a moment, or otherwise 
than by the slow accumulation of minute peculiarities. 
Hence "spontaneous generation" can be theoretically ad- 
mitted only in the case of living things whose grade of com- 
position is so low that their mode of formatiou from a liquid 
solution may be regarded as strictly analogous to that of 
crystals. And wheu the case ia thus stated it becomes 
obvious that the phrase " spontaneous generation " is anti- • 
quated, inaccurate, and misleading. It describes well enough 
the crude hypothesis that insects might be generated in 
putrefying substances without any assignable cause ; but it is 
not applicable to the hypothesis that specks of living proto- 
plasm may be, as it were, precipitated from a solntion con- 
taining the not-living ingredients of protoplasm. If such fto 
origination of life can be proved, none will maintain that it 
is "spontaneous," since all will regard as the assignable cause 
the chemical atfiuity exerted between the enormously com- 
plex molecules which go to make up the protoplasm. No 
one speaks of " spoutiiueous cryslallizatiou"; and the ideal 
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niggested by the use of the word "spontaneous" are Bnct 
88 to detract seriously £rom its availableneas as a scientific 
term. We need a phrase which shall simply describe a 
fact, without any admixture of hypothesis; and we may 
eoidially recommend, as such a phrase, Dr. Eastian's arc}i6- 
hiosia, which, without violence to etymology, may be said to 
mean " life io its begiuniDg,"^-or, moi'e Ireely, " beginning 
of life." 

With these preliminaries, the precise question now at issue 
between the believers in "spontaneous generation" and their 
opponents may be stated as follows: — Can archcinosis be 
made to occur at the present day by artificial means t Or, to 
be 8tiU more accurate. Has archebiosia actually been made to 
occur at the present day by artificial means t la it possible 
for the experimfinter, without any assistance from life already 
existing, to obtain living things, merely by bringing together 
the chemical constituents of protoplasm, under suituble phy- 
sical conditions ? Or, granting the possibQity, can it be 
proved that living things have actually been thus obtained ? 
To this twofold question there are returned diverse answers. 
On the one hand. Dr. Biistian maintains tbat himself and 
other experimenters have actually seen archebiosis artificially 
brought about. Oa the other hand, it is likely to be main- 
tained by most competent critics that, while ther^i may be no 
good reason for denying the possibility of such a triumph of 
experiment, we have not yet sufficient proof that it has been 
teoUy achieved. 

It should not be forgotten that the depision of the more 
general question of the origin of life on the earth's surface 
does not depend upon the way in whifch this special contro- 
versy is decided. While it is true that the success of ex- 
periments like those of Dr. Bastian would furnish conclusive 
inductive proof of archebiosis, it is also true that their com- 
plete failure can in no wise be cited in evidence against tha 
doctrine. On the one band, the artiUcial production of living 
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things, by giving us ocular testimony to the begiuninga of 
life, would no duubt enli;^htea us considerably as to tbe 
ptiyoical and cheiulciU conditions under wliicb life originatea; 
aud it is, therefore, highly desirable that experimentera 
should bu able to construct living protoplasm in the labora- 
tory, juHt aa it was desirable, a few years ago, that chemiat6 
nhould be able to produce such organic compounds aa alcohol, 
sugar, and urea, — substances which until lately were thought 
to be, for some mysterious reason, iuaccessihle to huiuau art, 
but which are now constructed with ease. But on the othei 
hand, even the demonstrated impossibility of producing 
living things artiftctolly would not weigh a grain in the scale 
ttgaiiist the doctrine that arcliebiosis may now occur, and 
must at some time have occurred, in the great laboratory lA 
nature. That an evolution of oi^ganio existence from in- 
organic existence must at some time have taken place, is 
rendered certain by the fact that there was once a time when 
no life existed upon the earth's surfaca That such evolution 
may even now regularly lake place, among snch living tbiugs, 
for instance, as the BathyMta of Haeckel — a sort of albu- 
minous Ji-Ily growing in irregular patches on the sea-bottom 
— is perhaps not impossible. But that such evolution has 
been known to take plac« in aii^tight flasks containing da- 
floctions of hay, and has moreover resulted in the formatioo 
of organisms like vibrios and fungus-spores, is quite aaothw 
proposition, which the assertor of archebiosis is in no way 
bound to maintain, and with the fate of which he need aot 
feel hinueir vitally concerned. 

Th« question of " spontaneous generation,* then, is bat a 
fftit, and not the most es&cnlial put, of the qnestion u to 
^ or^in of life ; and vre need not ba surprised at findii^ 
anoag Dr. Basti^s opponents snch an avowed evolotioiust 
r M Pni. Huxley. Practically, moreover, the qu^tion at tscM 
' tatwsen the advocates of " ^MOtaoeom generation" and Umbi 
Attacwtists is CTen nanoTar than appeals boot Um aJbsiv 
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Btateroect of it As practically conducted, the dispute is 
confined to the question ^vhetile^ certain parliculai low fornu 
of life — hnowQ as vibrios, bacteria, torulsB, Ind monads — 
which appear in putrescence or in fermeatation, are produced 
by archebioaia, or are propagated from germs conveyed in iLe 
atmosphere. 

K Dr. Bastiau'e position vith reference to this question is 
destined to become substantiated, his work may perhaps 
mark an epoch in biology hardly less important than that 
which was inaugurated by Mr. Darwin's " Origin of Species." 
Unfortunately, the kind of proof which is needed tor Dr. 
Bastian's main thesis is much more diliicitlt, both to obtain 
and to estimate properly, than the kind of proof by which 
the theory of natural selection lias been subBtaotiated. In 
the latter case what was needed was some principle of 
interpretatioii which shonld account for the facts of the 
classili cation, embryology, morphology, and distribution of 
plants and animals, without appealing to any other agencies 
than such as can be proved to be actually in operation; and 
it is because the theory of natural selection furnishes such 
a principle of interpretation that it has met with such ready 
acceptance from the scientific world,' On the other hund, 
the tate of the theory of archebiosis, in the shape in which 
it is held by Dr. Bastian, depends upon the issue of a series 
of experiments of extraordinary delicacy and difficulty, — 
experiments which are of value only when perlbruied by 
scientific experts of consummate training, and which the 
sound^t critic of inductive methods must find it perQous to 
interpret with coG6dence, unless he has had something of 
the training of an expert himself For however easy it may 
»eem to the uninitiated to shut ap an oiganizable solution so 
Kcurely that organic germs from the atmosphere cannot even 
be imagined capable of gaining access to it, this is really on« 
■f the most arduous tasks which an experimenter has evei 
' 1 tB b«n antidftttiog fb» vgomeat of the two foUovii^ tHiAg'tOm 
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Yet in suet menstrua as these he believea that he hna foiind 
even fongus-spores " apontaneously " generated. 

The contrast here vividly brought before us draws attention 
to what would seem to be one of the weakest points in Dr, 
Bastian's theory. It is a long way from tartrate of ammonia 
and phosphate of soda to the spores of a fungua It seeniB 
too long a way to he traversed in & few days or weeks amid 
merely the simple conditions which exist within a closed 
flask. A fungus-spore is not mere shapeless protoplasm. In 
it, as ia the bacterium and the vihrio, there is a visible 
specialization of structure, albeit a slight specialization . 
These infusoria are " lowest organisms," no doubt : still thuy 
are really organisms and not merely masses of organic matter. 
They have forms which are more or less persistent ; and in 
this fact is to be seen the strongest of the objections which 
may be urged d priori against Dr. Bastian's views. For 
organic form is a circumstance into which heredity largely 
enters ; and where we tind organisms even so simple as the 
jointed rods which are called vibrios, it is difficult, on 
theoretical grounds, not to accredit them with a regular 
organic parentage. Such considerations cannot weigh against 
a omcial experiment ; but in the present state of the ques- 
tion they are entitled to serious attention. Dr. Bastian argues, 
with great ingenuity, that just as crystals, growing in a liquid 
menstruum, take on shapes that are determined by the mutual 
attractions and repuhiions of their molecules, so do these 
colloidal bodies, which we call monads and bacteria, arising 
by "spontaneous generation" in liquid menstroa, take on 
forms that are similarly determined. The analogy, however, 
IB not exact. I am not disposed to deny that the shape of a 
hacterium, or indeed of a wasp, a fish, a dog, or a man, is 
daa, quite as much as the shape of a ciystal of anow or 
qoaitz, to the forces mutually exerted on each other by ita 
constituent molecules. But it must be remembered that in 
»he case of an oigaoism, the direction of these furcoa dependfi. 
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n been exerted hf mixHial acgndann. la oUmt wontea 

■It of detfnito teodcnde* has been nunuu ed dvriag tbe clow 

emtelioQ of oig«Bie fife ; and it a^ w«]| be doubted tb^ 

c*ea itt Um ease of the b Mfari— , a taaden^ tovnd tbo 

. feimatioB of riDie^ or doable vaelei e«B here been ffoatd 

daring tbe erolntioa of a nt^e genentian of indiridaek 

f Ssr in eoDoidal BuUer, m ndi, tbere is up deSntte tntAamj 

.'faward the fotntttioa of nsrlear qtote, ndi « an se^ ia 

t%>ttigri». It ii a main dnuactenstie <tf eoQaids^ m wwUealBd 

I with OTitallnida, not to have so; qtecifie fonn. It ji^ 

L tterefoK, bard to believe that, dorinf; tbe deoompositioa of 

M aaHne liquid, the &«ed elementa not 00I7 reconbine 

IdIo a eolloid, bid even go bo far aa to take on tbe apeeifie 

ihape of a bacterism or vibrio. When any sach mocesaioa 

of phenomena appears to occur, it clearly points to the 

{D-andeistood bat impemtive fact of hereclity tbroo^ a 
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Until this dilBcalty is either cleared away by tnistwortl^ 

I dednrtton, or overridden hy eome crucial experiment, I do not 

I duDk ibatthe advocates of 'spontaneous genemtion" can be 

•aid to have made oat their case ; and such an abstroae <)aea- 

tion is here opened that it is not likely soon to be settled. 

For the present, in representing to onrselvca how life may 
have originated upon tbe earth, we are reduced to a few raoet 
general considerations. Howeverthe qneslion may eventually 
be decided as to the possibility of archehiosis occurring at 
the preiw!nt day amid the artiScrnl circumstances of the 
laboratory, it cannot Ite denied that archebiosis, or the Drigi- 
nation of living matter jn accordance with natural k«-B, most 
luve occurred at some epoch in tbe past. That life haa not 
always existed upon the earth's surface ia certain; and tha 
following cunaiderations will show that in its first appew- 
ance there need not have been an) thing either aoddea flf 
•buorinaL 
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■When OUT earth, refusing to follow in their retreat the 
heavier portionB of the solar nebula, began its independent 
career as a planet, its surface vr&s by no means so hetero- 
geneona aa at present We may fiiirly suppose that the tem- 
perature of t!iat surface cannot have been lower than the 
temperature of the solar surface at the present time, which is 
Kjtimated at three million degrees Fahrenheit, or some four- 
teen thousand times liotter than boiling water. At such a 
temperature there could have been no formation of chemical 
compounds, so that the chief source of terrestrial hetero- 
geneity did not exist ; while physical causes of heterogeneity 
were equally kept ia abeyance by the maintenance of all 
things in a gaseous slate. We have now to note hi)w the 
mere consolidation and cooling of this originally gaseous 
planet must have given rise to the endless variety of struc- 
turea, organic as well as inorganic, which the earth's surface 
now presents. The origination of life will thus appear in its 
proper place, as an event in the chemical history of the earth. 
Let ns see what must have been the inevitable chemical 
oonseqnences of the earth's cooling. 

In a large number of cases heat is favourable to chemical 
onion, as in the familiar instance of lighting a caudle, a gas- 
jet, or a wood-fire. Tiie molecules of carbon and oxygen, 
which will not unite when simply brought into juxtaposition, 
nevertheless begin rapidly to unite as soon as their rates o( 
ondulation are heightened by the intense heat of the match. 
In like manner the phosphoric compownd with which the end 
pf the match is equipped refuses to take up molecules of atnio- 
spheric oxygen, tmtil its own molecules receive an increment 
of motion supplied by the arrested molar motion of the match 
along a rougli surface. So oxygen and hydiogeu do not com- 
bine when they are simply mingled togetlier in the same 
vessel; but when sufficiently healed they explode, and unite 
to form steam. In these, and in many other cases, a certain 
junoant of heat causes substances to enter into chemical 
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nnioD. Bat H is none tbe less trae tliat an ewtnoons mpply 
of heat implies snch violent molecnlar ondalatiDi] as to rendv 
chemical onion impossible. Since the mode of attnetin 
force known as chemism acts only at infinitesimal distances, 
the increase of thermal cndnlation, which at Erst onl^ MttDtt 
sach a molecular rearrangement as to allow mutually 
attracting molecules to nish together, mnst at last caoae sndi 
a Beparation of panicles that chemism will he onable to act 
This inference from known laws of heat is folly verified by 
experiment, in the case of all those compounds which we can 
decompose by sach thermaj means as we have at command. 
Speakhig generally, the most ctnnplez compounds an tbe 
most unstable, and these are the soonest decomposed by beal. 
The highly complex o^anic molecules of Sbmie and albnnuB 
are oftoi separated by the ordinary beat of a summer's day, 
■a is witnessed is the spoiling of meaL Snpemlts and doofals 
salts are decomposed at lower temperatures than simple salts ; 
and these again yield to a less amount of beat than is re- 
quired to sunder the elements of deotoxide^ peroxidee, ete. 
The protoxides, which are only (me degree mose comjdex than 
simple elements, withstand a still higher tempetattu^ aad 
several of them refuse to yield to the greatest heat whidi w« 
ean {Hoduce artificially. No diemist, however, doabta that a 
still greater heat would decompose even thes& 

We may thus picture to ourselves the earth's sozlace aa at 
the outset composed only of nncombined elements; cf fna 
otygen, hydrogen, nitrogen, carbon, snlphnr, etcu, and of irai^ 
copper, sodium, and other metals in a state of vapooE. Witb 
the lowering of this primitive temperaton hj tadiatiosh 
demical combinations of greater and greater beteiogena^ 
became gnuhuUy possible. First appeared the stable biBaty 
•ompoonds, such as water and the inorganic acids aad baaea 
A&a still farther lowering of temperature^ some of tfas 
Ian stahia compottnds, such aa salts and donbia aahi^ wenb 
rr"^ to ^pesr on the scene. At a later data eaiM tbe 
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still mora heterogeneous and niistalile organic acids and 
etliers. And all this dieinical evolution must have taken 
place before tlie first appearance of Jiving protoplasm. Upon 
these statements we may rest with confidence, since they are 
immediate corollaries from known pruportiea of matter. 

When it is asked, then, in what way were bronyht about 
the various chemical combinations from which have resulted 
the innumerable mineral forms which make up the crust of 
the globe, the reply is that they were primarily due to the 
unhindered working of the chemical aftiriities of their con- 
stituent molecules as soon as the requisite coolness was 
obtained. As soon as it became cool enough for oxygen and 
hydrogen to unite into a stablo compound, they did unit" to 
form vapour of water. As soon aa it became cool enough for 
double salts to exist, then the mutual affinities of simple 
binary compounds and single salts, variously brought into 
juxtaposition, sufficed to produce double salts. And so on, 
throughout the inorganic world. ' 

Here we obtain a hint aa to the origin of organic life upon 
the earth's surface. In accordance with the modern dynamic 
theory of life, we are bound to admit that the higher and less 
stable aggregations of molecules which constitute protoplBsm 
were built up in just the same way in which the lower and 
more stable aggregations of molecules which constitute a 
single or a double salt were built up. Dynamically, the only 
dilTet^nce between carbonate of ammonia and protoplasm, 
which can be called fundamenial, is the greater molecular 
complexity and consequent instability of tlie latter. We are 
tenod to admit, then, that as carbonic add and ammonia, 
when brought into ju.^taposition, united by virtue of their 
inherent piupertiea as soon as the diminishing temperature 
would let them; so aLso carbon, nitrogen, hydrogen, and 
oxygen, wlien brought into juxtaposition, united by virtue of 
their inherent properties into higlier and higher multiples aa 

Lfast as the diminis.'iing t«mperature would let them, until at 
: 
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igjregations of matter. By following out this method new 
light will no doubt eventually be thrown upon the post his- 
toiy of our planet, and a sound basis will be obtained for 
ccnjectnrea reganling the existence of living oi^niams upon 
Home of oar neighbour worlds. 

In this account of the matter we have complpteil, eo far as 
IB needful for the purposes of this work, our exposition of 
the evolution of the earth. Combining the results obtained 
in the three foregoing chapters, we may contemplate in a ' 
single view the wonderful advance in determinate multi- 
formity which has resulted from the integration of the earth's 
matter, with the accompanying dissipation of its internal 
motion. We have witnessed this process of evolution as 
manifested in geologic and raeteorologic phenomena ; we have 
followed the wondrous differentiations and integrations of the 
molectilar motion which the cooling and consolidating earth 
haa received from the centre of our system ; and finally, from 
that very cooling and consolidation npon which all the fore- 
going phenomena are dependent, we have shown that there 
must naturally have ensued a progressive chemical hetero- 
geneity, resulting at last in the genesis of compounds mani- 
festing those properties which we distinguish as vital. Thus 
the continuity in cosmic evolution is grandly exhiijited, and 
we see more clearly than ever that between the various pro- 
vinces of natural phenomena there are no shnrp demarca- 
tious. As the fjeologic development of the earth ia but a 
specialized portion of the whole developmPnt of the solar 
system, — a portion which we separate from tlie rest and 
assign to a special science, solely for conyenience of study | 
so the development of living matter is but a specialized pur- 
tioo of the whole development of the eartli, and it is only 
for lOJisons of convenience that the formation of primeval 
protoplasm is assigm-d to a difl'erent science from tlut »viiioh 
deals with the formation of limestone or silica. Though as 
tra advance from a lower grade of hetei-ogeueity to a liij,her 
F r 2 
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diflBcult problem. As the doe, in thet old fable, keeping her 
Bound eye landward, was at last shot by archers passing in a 
boat, 80 Nature has here been forced to render up her secret 
in the most unlooked-for way. Through the amazing result? 
obtained by spectrum analysis it has turned out that the 
heavier difficulty has become the lighter one, and that the 
direct approach or recession of a star, which aiTords no 
parallax, is actually easier to measure than its thwart-motion 
which affords parallax I In like manner the specific solution 
of the problem of the origin of life need not be despaired of, 
nor need we wonder if it come from some quite unsuspected 
quarter. 

Meanwhile the considerations above alleged will enable us 
to put the grand phenomenon of the genesis of life into its 
proper place among the phenomena of telluric evolution. 
The gulf between the geologic phase of the process and the 
biologic phase is so far bridged for us that we may approach 
the study of the latter without misgivings. In the following 
chapter I shall enumerate the reasons which compel us to 
accept the doctrine of the derivation of the more complex 
forms of life from less complex forms ; and because of the 
interest which just now attaches to the question, I shall 
make more explicit mention of the opposing doctrine of 
special creations than its own merits would otherwise justify. 
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theological or Bentimeiital prejudice, it bo thrives under the 
most rigorous critical scrutiuy tliat each successive decade 
enlists in ita support a greater and greiiter number of the 
most competent investigators of nature. I do not sny that 
such an ^priori presumption should ever be taken as deciaiva 
in favour of any hypothesis, I say only that such considera- 
tions do have their weight, and ought to Jiave their weight, 
in determining the general state of niind which we bring 
to the diacuaaion of the relative merits of two theories so 
different id their pedigreea as are the two theoiios which we 
arenovr about to examine. If, with my eyes closed upon all the 
significant facta which hear upon the question of the origin 
of species, I were required to decide between two hypotheses, 
of which the one was framed in an age when ihe sky was 
supposed to be the solid 0oor of a celestial ocean, while the 
other was framed in an age when Lngrnnge and Laplace were 
determining the conditions of equilibrium of the solar 
system, I should at once decide, on general principles, in 
favour of the latter. And on g<;ueral principles I shoultf b<> 
quite juBtilied in so deciding. 

Happily, however, we are not culled npon to render a 
decision, upon this or upon any other scientific question, 
with oar eyes shut In the present chapter we have to 
examine two opposing liypotheses relating to the origination 
of the multitudinous complex forma of animal and vegetal 
life which sun'ound us. And of these two opposing 
hypotheses we shall find it not difQcult to show that the one 
is discredited, not only l>y its pedigree and not only by the 
impossible assumptions which it would require us to make, 
but also by every jut and tittle of the scientific evidence, so 
far as known, which beiira upon the subject ; while the other 
ia not only accredited by its pedigree, and by its requiring na 
to make noiinpracticableassumptions, hut is also corroborated 
by all ti-o ti'stimony which the patient interrogation of the 
iacts of nature has succeeded in eliciting, Tiie former hypo~ 
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thtAta, i.Hghifttii>g in the erode mjrtfaological conceptioos ol 

th^ Kocipnt *:el>i«ws, and nitcritiaiU j acGi^pted antil tb« time 
of Laniuck uid Goetbe, in deference to » tiaditioD vhicJi 
invested these mj'tbological coneeptioDa wilb a peculiar and 
OQwarranted sactednesa. is konwo as the Doctrine of Special 
OeatioDa. The latter hypothesis, originatiiig in tlie methodical 
studjr of the phenomena of organic lifia^ held \*j a laige 
nnmber ol biolc^ists during tha first half of the present 
oeDtuTf, and of late yeais accepted bj neariy all, may be 
called the Doctrine of Derivation. 

In deecrihiog the special-creation hTpotbesis, «e are eou- 
ftoDt«d by an initial difficaltT, due to the eoormons change 
which has occorred in men's habits of tliinking since the 
mj'lboptbic age when it fiist gained currency. The Heloevr 
writer, indeed, presents os with a concrete picture of the 
creation of man, according to which a hom^^eneons day 
model of the haman form is, in some ineonceiTable way, at 
once transmnted into the woDilerrnlly beleroijtneous combioa- 
tioD of oigVLns and tissnes. with all their definite and highly 
specialized aptitades, of which actually living man is mads 
npi But I suppose there are few scientific writers at the 
present day who would be foond willing to risk their repata- 
tion for common-sen^e by attempting to defend socfa a c«w- 
ceptiotL The few naturulists who still make a show of 
upholding the special -creation hypothesis, are verj" careful to 
refrain horn anTtbing like a speoitication of the physical 
processes which that hypothesis may be snpposod to imply. 
When overtly challenged, they find it safest to shrirkk from 
the direct enconnter, taking' refnge in graadiloqnent phrasvs 
aliout ■* Creative Will " and tie " free actiun of an Intellig^it 
Power," very much as the cuttle-fish extricati?3 itself from a 
disagreeable predicament by biding in a shower of its own 
ink. But, however commendable such phr&j«s may be whi-n 
regnrdL-d as a general confession of faith, they are mock 
voiM than Bsele^ when employed aa subsLituliia iat a 
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B^entiGc description of facta. They only serve to e 
that besetting sin of Iiuraan thinking, which accepts a play 
npon words oa an equivalent for a legitimate juxlapusitiou of 
valid conceptions. 

Wlien translated, however, from the dialect of mythologj- 
into the dialect of science, the special-creation hypothesis 
asserts th^it tlie nntold millions of organic molecules of which 
an adult mammal is composed all rushed together at some 
appointed instant from divers quarters of the compass, and, 
spontaneously or in virtue of some inexplicable divine 
sorcery, grouped themselves into the form of an adult 
oi'gantem, aome of them arrangi[ig themselves into infinitely 
complicated nerve-fibres and ganglionic cells, others into the 
wonderfully complex contractile tissue of muscles, while 
others again were massed in divers convoluted shapes, as 
lungs, intestines, blood-vessels, and secreting glands. Or, if 
a different form of sCatemcut be preferred, at one moment 
we have a background of landscape, with its water and ita 
trees, its sands and its herbage, and at the next succeeding 
moment we have in the foreground an ox or a man, or, 
according to another view, a herd of oxen and a group of 
men, and all this without any assignable group of physical 
antecedents intervening I He who can believe that St. Goar, 
of Trfevea, transfonned a sunbeam into a hat-peg, or that meu 
were once changed into werewolves by putting on an en- 
chanted girdle, or that Joshua and Cardinal Xiinenes con- 
Btrained the earth to pause in its rotation, will probably find 
no difliculty in accepting such a hypothesis to account for 
(he origin of men and oxen. To persons in such a st^ige of 
culture it is no obstacle to any hypothesis that it involves an 
assumption as to divine interposition which is incapable of 
frjientific investigation and uninterpre table in terms of liuman 
experience. It can hardly be denied, however, that any 
hypothesis which involves such an assumption is at once 
ududed lit>m the pale of science, and relegated to the 
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will add B somber of spedal leascms. Four kinds of argu- 
tmeata in fJaroor of the bjpothesia of deriv&iion are furnished 
respectivelj by the Cl&ssificadoii of pUuts and animals, hj 
their Embryologr, by thedi Morphology, and by their Distri- 
faotioD to space and time: I ehall devote the present chapter 
to the consideration of these four classes of argnments; 
teserviog for the foUowiug chapter the explanation of the 
igencies which have been at -woiIl in forwarding the process 
of development. 

L The facta which are epitomized in tabular classifications 
of f"'"'"^« and plants, are so familiar to as that we seldom 
stop to reflect npon their true sieoi^c&nce. And in any bald 
sWeownt of tliem which might here be made, the impression 
of triteness woold, perhaps be so strong as to prevent that 
aignificanoe from being duly realized, save by the student iU 
Bstmal history. To present iu the strongest li^'lit the eri- 
deotiary value of these facts, I shall therefore have leoocrsa 
to an analogous seriea of facts in a quite distinct science, 
where the significance of the classification is illuslrated by 
the known history of the phenomena which are classified. 
Like the sciences of zoology and botany, the scieuce of 
philology is pre-eminently a classificatoiy science, osing the 
method of oompariaon as its chief implement of indnctive 
leseorcb. And philology, at least so far as the study of the 
Aryan languages is concerned, has been carried to such a high 
degree of scientific perfection, as regards the accuracy of its 
processes and the certainty of its resulta, that we may safely 
gather from it soch illustrations as suit our present purpo.«e. 

The Tarioufl Aryan or Indo-European languages are demoD- 
■Irably descended from a single ancestral language, in the 
same sense in which the varions modem Koiuanic laugnages 
are all descended ^m the vulgar Latin of the Western Em- 
pire. By slow dialectic variations in pronunciation, and in 
she nse of syntactical devices for building tip sentences, these 
langaages have been imperceptibly differentiated from a single 
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along through Itniian, Spanish, French, and their sistor-dia- 
lects. jump back again to some ancient lansiiage. Obviously 
this is violating all the requirements of proper cla^siBcntion, 
which consists in putting nearest together those objecta 
which are nearest alike. 

In view of these and other kindred difficulties, philolnysts 
have long since agreed to arrange the Arj^aii family of Inn- 
gnages in divergent and re-divergent groups and sub-groups, 
along lines which ramify like the branches, branchlets, and 
twigs of a tree. Let us trace the pedigree of the French and 
English languages, according to tins principle of classifica- 
tion as elaborated by Schleicher, remembering that whQe 
other philologists have objected to some of the details of the 
classification,' all agree, and ninat agree, in the fundamental 
principle. Starting, then, from the Aryan mother- tongue, 
we first encounter two diverging lines of development, re- 
presented by two extinct phases of language which we may 
call the South Aryan and North Aiyan. Following the pro- 
gress of the South Aryan, we find it diverging on the one 
hand into Indo-Iranian, and ou the other hand into the 
parental form of the Hellenic, Italic, and Koltic languages. 
Neglecting the other branches, and following only the Halic. 
we find the divergent forms of this exemplified in TJmbrian, 
Oscao, and Latin ; and again, following the career only of the 
latter branch, we arrive at French and its kindred llomanic 
dialects. On the other hand, as we follow the North Aryan 
line, we find it first dividing into Teutonic and Slavo-LettisK 
Neglecting the latter, we observe the Teutonic again diverg 
:ng into Gothic, OM Norse, and Old German. Following 
only the latter of thesa, we may observe it bifurcating into 
High and Low German, from the latter of which is derived 
the English which we speak. 

' Indeed it ii possibTe that the primary dtvisioD nhnuld be iDtoEiiEteni and 
Watem, or Enropenn and Aaiatii', rather than Northern and Southern Aryan. 
Bat the future deeUion of thin cioi'stion will not altar tbs jiriocipla upon 
Whkli the cliuaification is fonndod und wLitb it ia here cited to eiempliTjr. 
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change into the Lntin laeni-ma, and thence into tbe Fioi'uli 
lai-me ; the Norlli Aryan form has undei^one another kind of 
change into the Old Gerntaa tagr, and thence into tha 
English tear. 

Thns in general, as we go backward in time, we find the 
lines of lin;;uistio development drawing together. Between 
the various Low-Dutch dialf'cts spoken along the north coast 
of Germany, the differences are hardly great enough to i^iter- 
fere with mutual intelligibility. Again, between Portuguese 
and Spanish the differences are so small that one who is well 
acquainted with Spanish can often get the sense of many 
pages in a Portuguese book without having speciiiUy studied 
the latter language. But German and Spanish have few 
mutually intelligible words in common, and their dififerenues 
in idioms and in structure of sentences are no less con- 
spicuous. "Wliile it might be possible to maintain that Dutch 
and Platt-Deutsch, or that Portuguese and Spanish, are only 
dialects of the same langna^, no one would hesitate about call- 
ing Teutonic and Romance quite different forms of languaga 
Yet we need only go back far enough to find the demar- 
cation quite as obscure in the one case as in the other ; for 
Teutonic and Bomance began as the northeiii and southern 
dialects of the same Old Aryan language In similar wise 
we may eay that, even with the keenest linguistic instinct, it 
would be difficult to decipher a lino of modern Persian by 
reason of its kinship with modem Greek ; while yet it is 
nndeniahle that the Persian spoken by tlie officei-s of Xerxes 
was strikingly similar to the Greek spoken by Demaraloa 
and Leonidas. 

In citing this example from the phenomena of language, I 
do not cite it as direct testimony in favour of the theory of 
derivation in biology. Because tear and lame can be traced 
bock to a common form, it does not follow ihat the pig and 
the horse have a common ancestor. Yet, while the linguistic 
parallel ia by no means available as direct testimony in a 
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biological qnestion, it baa Derertbeless a 1ogtu<l valne so im* 
porlant that zoologists as emineot as Raeckel and philol^y^tals 
IS profound as Schleiclier have not failed to insist upon tL 
What we see exemplified in these linguistic ph«notnena, u 
tlu my im lolicA a claxtijieatioti must bt fntmtd i» aU ema 
tAen we ham to cxprni mmpl^ gautie rdatioiukiptL VTe 
«e that when a multitnda of objects are associated hj a 
common geiesis, «e esnaot classify them in a 1in«ar series. 
bat only in gnraps and ?nb-groap«r diverging from a common 
trunk, tike the branches and twigs of what ve verj aptlr 
tenn a ' Eamilf-tree.'' And em the general principles of 
hflRdiurj lelatioBship. we see that objects ttear the oomnov 
(rank irin depart less wide!; from the primitire aneeetnl 
type, ai»d will therefore resemble each other mote closel;, 
than objects &r op on the ends of the branches. A oom- 
parisoB of the different races of Aryan men voold bring out 
the aame results as the comparison of tbetr lan^ages. After 
malEii^ all allowances for the intermixtnre of the AtTam 
with diTcrs abor^inal races in Europe and Asia, it rentatm 
genetall; admitted that e^-ery Aryan langni^ is spokea tf 
men who are predominantly Aryan in Uood. Kov it would 
be impossible to anmnge Hindus, Greeks, Italiana^ Busstans, 
Germans, and English, in any tioear series. We can only 
dnride and subdivide, arrangii^ them in gronps that diTerge 
^ 1 lo-dirage. Soch must ^ways be the case when w« 
e Id deal with pbeBomeMt doe to beieditary rdatiaadiqi; 
1 wherever we fini a set of objects thus Mttaa/xd ia 
s within groups, converging at the bo tt om and di < Mgiin 
t top, we have the very strongest pasmbb primd Jmm 
1 finr asseKif^ bet«ditaiy iriatHadiip. 

r to oar maiit thno^ w« can b^into apftmattm 
I atwBg th of the eniamoa in favoar of the ilniialiaa 
whidi is fanUwd by the daipnlicutioM of aaimatiL M 
lAeetod fay Covier and Too Baar. and slffl farther ddMnlai 
'\f HBxk(y and Haeckd. Frerioos to CavMr. aa^y mnmhA 
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nataralists endeavoured to arraoge the animal kingdom to a 
series of lineally ascending groups. The illustrious Lamarck 
did BO ; and the result was that he placed oysters and snails 
higher up than liees and butter6ies. Blainvilie did better. 
having come as near as poasible to snrmonnting insurmount- 
able obstjicles; but he nevertheless is forced to put cirrhipeds 
and myriapoda above tlie cuttle-fish. It was a great step in 
advance when Cuvier showed that tfiere are at least four 
distinct types of animal stnicture, and that no linear serieE 
can be framed; although Prof. Agasaiz undoubtedly trans- 
gressed the limits of scientific inquiry, when he attempted to 
explain the coexistence of these distinct types by resusci- 
tating from its moss-covered tomb the Platonic theory of 
Ideas, and impressing it into the service of natural theology. 
Nevertheless in his remarkable "Essay on Clar^sification,* 
Prof Agassiz more than atones for these me ta]">hy steal aberra- 
tions by the conclusiveness with which he shows the impossi- 
bility of making a linear classification of animals. lu such a 
series, the lowest of vertebrates, the unintelligent anipbioTua, 
would rank above the wonderfully-organized crabs, anta, and 
butterflies. The degraded lepidosiren would take precedence 
of the salmon; and the lowly-oiganized duck-hill, as being a 
mammal, would he placed above the parrot and the falcon. 
Or if we attempted to escape these difficulties by ranking 
oar animala in a series according to their general complexity 
of oi^anization, neglecting their typical differences of struc- 
ture, our whole classification would be thrown into senseless 
confusion. Parrots and honey-bees would he thrust in among 
mammals, and not only classes, hut even orders, and perhaps 
families, of annulosa would have to he divided, to make room 
for intrusive echinoderms and molluska. 

In view of these difficulties, as Prof^ Huxley and Prot 
Haeckel have shown, the only feasible manner of arranging 
the animal kingdom is in a number of diverging or branching 
lines, like the boughs and twigs of a tiee. Starting from the 
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itmu.'ba and its kindred, which are neither aniin[il nor T^etal 
in character, we encounter two diveiging lines of develop- 
ment represented respectively — according to Haecikel'a snr- 
mise — by those protists with harder envelopes wliicli are tb« i 
predecessors of the vegetable kingilom, and those protiste ' 
with softer envelopes which are the foremnners of the more 
mobile animal type of organization.^ Confining our attention 
to animals, we meet first with the ccelenterata, including 
spongp-s, corals, and niednsae, characterized by the union of 
masses of amcpba-Uke units, with but little specialization of 
structure or of function. Beside these lowly forms, but not 
immediately above any one of them, we find echinoderms 
starting off in one direction, worms or annuloida in a second, 
and inolluscoida in a third. Following the first road, we 
atop short with echtnodenns. But on the second, we find 
annuloid worms sncceeded by articulata, or true annulosa, 
which re-diverge in sundry directions, reaching the greatest 
divergence from the primitive forms in the crabs, spiders, 
and anta. On tlie third road, we find the molluscoid worms 
diverging into molluska and vertebrates. On the oue band, 
through thebryozoa we are gi-adually led to the true moUusks, 
while on the other hand the tnnicata, of which the ascidian I 
or "pitcher" (the primitive "tadpole" of nnscientiiic ridj- I 
enlera of Darwinism) is the most familiar form, lead he 
diroctly to the vertebrales.^ At first the vertebrata are al) 

1 ThoDRti I leave tbi« ■entencB u it wm wrillcB three yiar* too, it BitM 
not be undenlooJ as sn Dnqiialified en dorse m en t of Prof. HBei:kel> attempt 
to arect a third kin^lam — of Proiii-iis — cDmpriM'iij; aui:h DmnUiim a* an 
nHther (listine lively animal BOt veget&l>te. ThetB 19 lometliiiig to be jaid is 
behalf of lOch »a arrHngeoient. proTided no attemnt be made in draw ■ lutrd 
*ad ^t tine between the piutistHi anil the two biRber kingdomi ; and I tap- 
poae Oint no follower of Haei;kvl ia tikcl; tn make sncb on atteiii|>t. Sinee 
a barl'Tium or a ribrio is cleai-lf not an nntnial, niid cli-arly not a vr^tabla, 
wliilK it ia clcnrly a living thing, there would stem to be bouio coaveuieaee I9 
tiaviijg a r!';^Da to which to BHaign it. 1 should, however, regnrd ihi* 
"region" of pmHsta, or lowest organ iums, M not atnclly a "kinsdaui," b^ 
isther aa the mdEiinite border-land bi-tween the animal and vegelai worlda tm 
tha one baud and the realm of inorganic eiisteace on Ilia other. 

• Kowalewaky bu Jiscovered soiiie wonderfol likeneasea between the ani 
hnouo doFal ipmaat 4kf the *ft.-u^imi ami that of tb> amphtnma at lo%tf 
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Ssbes, if Biicli mollusk-like croiitures as tUe aiDpliioxii!! can 
strictlj be inchided among fishes ; but presently here too the 
lines begin to diverge, aud we encounter reptiles and birds 
on the one hand, and mainmala on the other, all three bdng 
(elated to fishes through the remarkable stiiictures of living 
■nd extinct batrachia. 

Such, as stated with crude brevity, is the classification of 
animals moat in accordance vrith our present knowledge, 
Now from first to last, the farther we trace any one line of 
development, the more widely we find it diverj^ng from other 
lines which originated in the same point The higher insects 
and crustaceans are not at all like worms ; but the myriapoda, 
the lower cruslitceans, and the catei'pillars of higher insects, 
are like vorms. Viewed at the upper ends of the scale, the 
mollusks are widely different from the vertebrates : viuwed 
at the lower end, the difference almost vanishes — the 
amphioxus being closely eioiilnr in structure ttithe ascidians, 
whose embryos present rudiments of u vertebral culuuia No 
two animals could well be more strikingly unlike tliatt a 
wren and an elephant; yet the lowest known mammal, the 



known i^rtibrate. Of til tht "mtntnit llnttB," the asgnmnil abifnna of 
which il 10 pcrsiRtnntly cited by the adiierenlH of the iloffiiis or liiily of 
■peeips, the most impoilint ooe would here ap]>i-nr to him- hwa fnun<t ; Tur It 
b a link which connects the complex &nd hi^iMly-eToNi'il vertelinite vith ■ 
TBTjr lowly form which pSKsn its nnlnral emtencB poiiteJ iilsiit-iiko fi tlie 
toil, or rather to the BfB.l>ortom. The asoiilina raimot, iiii!eo-i, hu rrj.-niiled 
ti tyiiifyiiiK the direct snucBtora or th« vcrtetiiuiH. It U ■ cuHoiiBly uherrnnt 
Ind ueiTiidMl fonn, and itx own jirof^niton hiul donlitlvaa uiu^ "m'en hi'itiir 
a«y»." In its embryoniu stal" it iioBseaseB t wnll-tntrliwl vertebral cnliiTnn, 
«ni it bohsvea iu gsnerni very muf n as if it wte K«'mg Ui irriiw to tomething 
lika the auphioxus. BnL it nrterwHnle fulls cotisidi'ialilv iihart of thU imiik. 
Already ia early life its vertebra begin to becuine " milininilBrr" or eraL-ea- 
sent I ind when hilly matured, it itotn swiinnitiiu alwut nftir its prey, snd, 
Krikttig root in the sub-m->n[ie auil, remains theii-iJter sliiiidiri};. Kith iia 
bronil pitcher~like niniuh ever In resdineiis to suck (town such nri^niaiiii 
loatii^t! by SN may serve lor its nutrimeuL That VBitel.™ shiiuld ho I'l.und i> 
the en>^t7a of such nn Biiiti-il is a niiiat inlerealiliK and nliikiiij; f^it't. It 
^onld seem to murk tliu aiciJiiin sa a rotrop-adrd oirsh<iut "f lli^BO |iriniitiTi 
drills nn the Wuv toward ssKUniiD): the VGiielirute ■Irnclliir. <i( wlii'ih ihe 
fiun roituiiate sues sotMetdetl in leafiug ■■ Uieir te|in-giiiutivB the aw- 
l»hiusii& 
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Australian duck-bill, possesses many biid-like cbaiuoteristioi. 
In the man and the oak, we get perhaps the widest posaibl* 
uDOnnt of divei^ence between organisms; yet at the botlom 
of the animal and vejjetal kingdoms, we find creatures like 
the anioeba and protococcns, which cannot be classified aa 
either animal or ve^^elal, because they are as much one M 
the other. 

Moreover, as we go bank in time, we find the lines of 
development, now so widely distant from each other, con- 
tinnally drawing together. As a general rule, extinct animals 
are less specialized than surviving animals ; and the same ia 
true of plants. The ancient animal departed less widely 
from the general type of the class or sub-kingdom to which 
he belonged than the modem animal. The monotremats, 
which of all mammals are the least remote froin reptiles and 
birds, are at the same time the oldest. In the teleosts or 
tnie fishes the differential characteristics of the vertebrate 
type are more strongly pronounced than in the older 
selachians, to which order belongs the shark. Far back, in 
aecondar]' times, we find lizards strongly resembling fiahes, 
and other saurian creatures which differ little from birds. 
Coufiniog our attention to any particnlar group, snch as that 
which embraces the ruminants and pachyderms, we find the 
hipparion of the Eocene epoch less specialized than either of 
hia later kindred, the horse, ass, zebra, and qnagga ; while 
the gap between snch dissimilar animals a/t the pig and the 
camel is to a great extent filled by transitional forms found 
in various tertiary strata. 

Again, it hardly needs stating that, aa we proceed from m 
general snrvey of any group of animals or plants to a survey 
of the sub-granps of which it is made np, we find the 
differencea constantly growing less nomeroua and less fnndft- 
mentaL The differences between the ox and the lion an 
many and important ; hot between the varions members ol 
the onlei caz&ivota, betweeo the lion and the woU or Uw 
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bear, the diffeipnces are l&^s. As we descend another step, 
and compare lions with lynxes, jiguars, leopards and cats, 
which biilong to the same family, we find the points of 
divergence fewer and leas obaracteristie. Butween wild and 
domestic cats there is still less dilTerence ; while between the 
various breeds of the domestic cot the distinctions are limited 
to superficial characteristics of size, colour, and geiiei'al 
intelligence, Hunce, in classifying contemporary organisms 
of bi^h development, naturalists are never in doubt as to the 
class, or order, and but seldom aa to the family; while they 
are not unfrequently in doubt aa to the genus, and are con- 
tinually disputing as to the species or variety to which a 
given form belongs. As we descend in the scale of develop- 
ment, and go back in geologic time, the determination of 
genera becomes more and more difficult. Doubts freciuently 
arise with reference to family, order, and class, And at last 
even the sub-kifigdom becomes doubtful, as is strikingly 
shown by the diflicuUy in classifying the lowly auimals 
provisionally grouped by Cuvier as radiata, when contrasted 
with the ease with which naturalists dislinguiah the higher 
sub-kingdoms. 

Now all this complex arrangement of organisms in gronps 
within groups, resembling each other at the bottom of the 
scale and dilt'ering most widely at the top, is just the arrange- 
ment which, as we have seen, must result from genetic 
relationship ; and upon any other theory than that of deriva- 
tion it is utterly inexplicable. If each species has been 
separaiely created, no reason can be assigned for such an 
arrangement, — unless perchance someone can be found hanly 
enough to maintain that it was intended as a snare and a 
delusion for human intelligence. The old opponents of 
geology, who strove to maintain at whatever cost the 
Kientific credit of the Mosaic myth of the creation, a.sserted 
Jiat fossil plants and animals were created nlready dead 
ftod petiitied, juat for the fun of the thing. Manifestly 
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lastly the fcetas of civilized man, at seven months, is 
entirely hnman ia appearance, liut still has not thoixjughly 
acquired the physical attributes which diatinguish the 
eivilized man from the Australian or the negro. 

On the evolution-theory these pheuotnena are explicable 
u due to the integraliou or summiny-up of adaptivo pro- 
eesses, by which modifications slowly acquired through gcne- 
rtttions of ancestral organisms are more and more rapidly 
repeated in the embryos. Hence, as Prof. Haeckel has 
elaborately proved, we must expect to find the phenomena ol 
embryology in complete harmony with the facts of the 
geological succession of organisms. Observation shows that 
the harmony is complete; and again, unless we are to 
suppose that the phenomena of nature have been maliciously 
arranged with the express purpose of cheating us, we have 
no choice but to accept that liaxmony as proof of tlie truth 
of the evolution-theory. 

Kindred evidence is furnished by the well-known fact that 
many animals, during their frctal life, acquire organs like 
those possessed by adults of allied species, but which, having 
no functions to discbarge, are after awhile absorbed or 
dwindle into mere rndimeuta. The mammalian embryo at 
first circulates its blood through a vascular system like the 
gills of fislies ; aft«rwiirds this is replaced by a vascular mem- 
brane called the ailantois, like the membrane which replaces 
gills in the development of birds and reptiles. Neither of 
these structures is usfful to the embryo for the purpose of 
aerating its blood, and there is no possibie explanation of 
their appearance in untold millions of mammals, unless we 
admit that they are due to inheritance from the ampliibioua 
ancestors of the mammalian class. Of like meaning are 
soch facts as the presence of useless teeth in the jaws of 
fcetal whales, and in the beaks of certain embryonic birds ; 
the rudiments of a pelvis and hind-limba in many snakes 
ihfl wings, firmly fastened under their wing-cases, id inseot 
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wtiicb io not fly; the c^^onra, or bliad intestine, uiil tlut 
termini vertebne, in maa; and the incisor teeth in calvee 
and other niminants, which never ciit throagh the gmn. Sc 
explanation can be given of such phenomena save on tb* 
theory of inheritance ; for the pompona stateoient, which va 
■iinetiines hear, that such organs have been created " for the 
sake of symmetry, and in order to complete the scheme ot 
natare," isjio explanation at alL As 3i[r. Darwin pertinent^ 
asks, "Wonld it be thought sulftcient to say that becanas 
pLuiets revolve in elliptic coorsea round the son, satellttea 
follow the same conrse round their planets, for the sake of 
sjTnmetry, and to complete the scheme of natare ? ■ MoreoTer, 
if we were to rest content with this arbitrary assnmptioo, we 
most needs coofesa that the symmetry of oatoie haa been but 
imperfectly wrought ont ; for the rtidimentary orgam which, 
on thia hypotheaia, ought alwaj-s to be preeea^ ue oft«a 
entiiely wanting. 

In thia connection the history of the long exploded hypo- 
thesis of Preformation becomes very instructive. The argu- 
ment 18 ably presented by Mr, Lewes, in a series of assays oa 
Darwinism, which are atill buried among tlic uack nniubera 
of the ■ Fortnightly Review, " bat which, it is to be hoped, 
win presently be reprinted in some more generally accessible 
form. Mr. Lewes colls attention to the Eict that those who 
BtHI profe^ to tind it incredible that a complex organiatn 
ibonld have been developed throagh lon^ ages and thrtnig]i 
eonntless intermediate forms from a miicellulfir creatore like 
the amceba, nevertheless find nothing incredible in the de- 
monstrated &ct that complex organisms are developed in a few 
weeks or months from minute ho niog».' neons germ-celb. Sow 
it is instructive to note that to the physiologists of a century 
ago, the latter process of development seemed qnita aa in- 
cretlible aa the fonner. The process by which a arractarfdes* 
germ, assimilating nutriment from the bloi>d of the parent 
fli^nism, beGomea gradually differentiated into ancb u 
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kmazinglj complex crestare as a man or an elephant, -waa 
not at that time understood. It seemed utterly incredible 
that a human infant could have so recently been a simple 
globule of protoplasm. It was at'uordingly maintained that, 
since an infant resembles an ad.ilt in most respects save that 
of aize, the original germ must be a minute copy of the 
infanL From the germ to the adult man there was no 
increase in complexity, there was only increase in dimen- 
sions. Ab a necessary consequence the germs of each genera- 
tion were contained within the germs of the next preceding 
generation ; ao that in mother Eve were contained the minia- 
ture originals of the entire human race, completely shaped in 
every feature, and shut up one within another, like a series of 
Chinese boxes 1 

This hypothesis now strikes us as superlatively absurd. 
But it has been upheld by some of the greatest biologists 
who have ever lived, — by Swammerdamm, Haller, Bonnet, 
Reaumur, and Cuvier, — and to my mind it is less grotesque 
than the hypothesis of special creations. But wliat now con- 
cerns us is the fact that the doom of the latter hypothesis is 
inevitably involved in the destruction of the funoer. For not 
only may it be forcibly argued " that we can no more under- 
stand the appearance of a new organism which is not the 
modification of some already existing organism, than we can 
understand the sudden appearance of a new organ which is not 
the modification of some existing structure;" but there was 
yet another deadly weapon lying concealed amid the mass of 
evidence with which Wolff and Von Baer overthrew the pre- 
fonnation theory. Why this roundabout method, above 
Jescribed, in which the germs of the higher organisms are 
seen to develope 1 Why does a mammal begin to develope 
u if it were going to become a fish, and then, changing its 
course, act as if it were going to become a reptile or bird, and 
only after much delay assume the peculiar characteristics of 
At The human embi^o, iof e:Lampl% begins irith 
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into a palace and that again into a mnsetiin ? Tet this is the 
■ort of Buccession on which orgftnisiiis are constructM," It 
IB out of this very uncomfortable corner that metp-physical 
naturalists have soTiietiiuea attempteil to slip, by gravely 
asserting that Katme ia obliged to work tentatively ! Thus 
we Bee that the habit of personifying Nature may sometimes 
be made to serve an argumentative purpose. Wheu theo- 
logiana are molested by uncumfortable questions concerning 
the existence of phenomena which seem incompatible with 
the perft^ct wisdom of an anthropomorphic Deity, they are 
wont to ascribe them to the Devil. It must be acknowledged 
that metaphy§ical naturalists practise a more graceful, though 
not a more candid, method of evasion, when they erect 
Ifstnre (spelled with a capital) into a person distinct from 
phenomena, and coolly ascribe to her the shortcomings which 
they dare not lay to the account of a personal Dtity. 

Viewed in the light of a scientific logic, this ailment 
from embryology, like the argument from classification, seems 
powerful enough, wheu taken alone, to decide the case in 
favour of the derivation theory. A.s already hinted, these 
phenomena are in general explicable by the Doctrine of 
Evolution. But to the special-creation hypothesis they are 
unmanageable stumbling-blocks. Even without any prolound 
knowledge of embryohigy, one may readily see that if the 
tadpoles of the black salamander wure anciently horn as tad- 
poles, and swam in the water, they may still retain their ex- 
quisite gills while nourished to a later stage of development 
in the maternal organism. But on the opposite theory the 
existence of these gilla is meaningless. 

III. The equally significant facts of morphology may be 
more concisely presented. Why, unless through common in- 
heritance, should all the veitebrata be constructed on the same 
type f Structurally consider"!, man, elephant, mouse, ostrich, 
dummiug-btrd, tortoise, snake, (rog, crocodile, halibut, heriicg, 
uid shark, are but difiereut modilications of one cominou 





oa.a.J SPECIAL-ORE ATIOy, OR DERIVATION f 481 

Mr. Darwin, " that t Strongly insisted, in 1839 and 1845. on 
thia wonderful relationship in the same continent between 
the dead and the living. Prof. Owen has subsequently ex- 
l the same generalization to the niammnls of the Old 
World. We see the same law in thia author's restorations of 
the extinct and gigantic birds of Kew Zealand. We see it 
also in the birds of the caves of Brazil. Mr, Woodward has 
shown that the same law holds good with sea-shells. Other 
cases could be added, as the relation between the extinct and 
living land-sbells of Madeira ; and between the extinct and 
living brackish- water shells of the Aralo-Caspian Sea." 

It baa indeed been urged, by upholders of the special- 
creation hypothesis, that these striking i-eaemblances may 
be explained by supposing each species to have been created 
in strict adaptation to the conditions of life surrounding it. 
That is to say, God has continued to create edeotata in 
South America and mareupials in Australia, because these 
two continents are best fitted for the comfortable main- 
tenance respectively of edentata and of marsupials. 
Stubborn facts, however, are opposed to this theory of the 
methods of Divine working. The assumption that each 
species is best adapted to its own habitat is refuted by such 
facts as the now rapidly progressing extermination of native 
animals and plants in Kew Zealand by European organisms 
lately carried there. Cow-grass, thistles, dock, and white 
clover flourish more vigorously in New Zealand than in 
England, and within a few years have almost displaced the 
native grasses ; while the native rats and flies are fast dis- 
appearing before the rats and ilies imported from Europe. 
The assumption is still more strikingly refuted bya comparisoD 
of the forms of life which inhabit Australia with those which 
inhabit the southern extremities of Africa and South America. 
These three tracts of land are very similar in their physical 
conditions, and yet, as Mr. Darwin has observed, it would 
be impossible to point out three faunaa and floras man 
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■trikingly dissimilar. If the distribution of orf^anisnis 
miraculously determined in accordance with their fitness to 
their Burrounding conditions, the fauna of South America is 
latitude 35° ouglit to resemble the fauna of Australia in th^ 
same latitude more closely than it resembles the fauna o( 
South America in latitudes north of 25*. The case is juat 
the reverse. Again there is no appreciable difTerenoa 
between the conditions of existence in the seas east and 
west of the isthmus of Panama ; and, accorJiiig to the 
assumption of the special-creationists, tlieir marine faunas 
ought to be almost exactly alike. In fnut no two marine 
faunas are more completely distinct. Hardly a fish, mol- 
luak, or crustacean is common to the eastern and western 
shores. This is because the isthmus, though narrow, is im- 
pass;vb!e for marine organisms. On the other hand, wherevei 
griiHps of organisms are not jireveuted by impassable barriers 
from spreading over wide tracts of country or of sea, we find 
distinct but closely-allied species widely spread and living 
amon'r the most diverse cniiditions. The inference is obvious 
that the population of difTereut zoological and botanical areap 
is due to migration, and not to special creation. Where 
organisms liave a chance to migrate, they migrnte, and 
became aJapted, by sliglit specific changes, to the new cip- 
cumstances which they encounter. But where there ia a 
barrier between one area and another, there we find complete 
diversity between the inhaiiitants of the two areas, altliough 
ihere is no reason for such diversity, save the impossibiU^ 
of getting across the biuTier. Of like meaning ia the fact 
that batrachians and terrestrial mammals are never found 
indigenous upon oceanic islamis. As Mr. Darwin observes, 
" the general absence of frogs and toads from oceanio islands 
Eanuot be accounted for by their physical comlitions ; indeed 
it seema that islands are peculiiirly well fitted for the§e 
animals; for frogs have been introduced inl.o Madeira, thl 
Azores, and Klauritius, and have multiplied so as to W 
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oome • nuiBanofl. Tttit as these animals and their spawn 
■re kuoivn to be immcdintel}' killed by sea-water, there would 
bo great diffi'.ulty in their transportal across the sea and 
therefore on my view we can see why they do not exist 
on any oceanic islaud. But why. on the theory of creation, 
they should not have been created there, it would be verj- 
diHicult to explain." Tluit terrestrial mamtnala cannot cross 
the 8ea is obvioiia ; but bats and birds, which can fly, ar" 
Tontid on many oceanic islands. In an admirable essay on 
the migrations of organisms, considered with reference to the 
darwinian theory. Prof. Moritz Wagner has collected many 
similar examples. From personal observations in Korth 
Africa, in Western Asia, in Hungary, and in America, thii 
vetemn naturalist educes the general conclusion that the 
limita within which allied species are found, are determined 
by impassable natural barriers. Coleoptera with their winj^ 
fastened down under their wing-cases, are specifically dif- 
ferent ou the opposite shores of small rivers ; while butterflies 
and liymenoptera range over large tracts of inland country, 
but are stopped by such obstacles as the Straits of Gibraltar. 
On opjiosite sides of the Andes, the conditions of existence 
differ but little, while on the north and south sides of the 
Caucasus the difference in climate is extreme. Yet the 
Andes are much the more difficult to cross ; and accordingly 
the fauna which they separate are mnch more unlike thtui 
the fanua separated by the Caucasus. In like manner the 
Galapagos Islands, situated some six hundred miles Irom the 
South American continent, possess a fauna which, with the 
exception of a fiiw birds, is generically distinct from all other 
bnoos. Yet lljough generically distinct, it is Sooth Anieti* 
can in type, and most resembles the fauna of Ciiili, the 
Dearest mainland. Furthermore, among the animals living 
on the different islands of the group, we find specific diversity 
■long with generic identity. So also Madeira "is inhabited 
bjv a woaderfiil number of peculiar laud-shellfl, whereas not 
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one species of »ea-shell is peculiar to its Blioroa," SlmitaT j 
relations are found universnlly to hold between the organisms | 
which inhahit oceanic islands and those which inhabit neigh- ] 
bouring continents. 

These facts of geographical distribution, when taten in 1 
connection with the facts of geological succession above men- 
tioned, speak very emphatically in favour of th« derivation 
theory. That theory afFurds a satisfactoi'y explanation for 
this entire class of facta, while the special-creation hypothesis 
is incompetent to explain a single one of them. They ore, 
moreover, in perfect harmony with the prominent facts of 
morphology, of embryology, and of classiti cation ; so that the 
evidence fnniiahed by the four classes of facts taken together 
becomes truly overwhelming. 

LWhen in the next chapter we come to consider the specu- 
lations and discoveries of Mr. Darwin, we shall see that the 
case in favour of derivation is even stronger than as here 
presented ; for we shall see that certain agencies are un- 
ceasingly at work, with the long continuance of which the 
absolute stability of specific forms is incompatible. But, as 
between the two hypotheses of special creation and of deriva- 
tion, the argnments already brought forward are far more than 
sufiicient lor a decisive verdict The presumption raised at 
the outset against the Doctrine of Special Ci-eations is even 
superfluously confirmed by the testimony of facts. Not only 
is this doctrine discredited by its barbaric origin, and by the 
absurd or impossible assumptions which it would require us 
to make ; but it utterly fails to explain a single one of the 
phenomena of the classification, embryology, morphology, 
and distribution of extinct and living organisms. While, on 
the other hand, the Doctrine of Derivation is not only accre- 
dited by its scientific origin and by its appealing to none bat 
verifiable processes and agencies, but it affords an explana- 
tion for each and all of the above-mentioned phenomena. 
I think we may, therefore, without further ado, consi^ 
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the special-creation hypothesis to that limbo where hover the 
ghosts of the slaughtered theories that were bom of man*s 
untutored intelligence in early times. There we may let it 
abide, along with the va<raries of the astrologists, the doctrine 
of signatures, the arehctus of Paracelsus, the elixir vitm of the 
alchemists, and the theory of perpetual motion. The space 
which we have here devoted to it is justified by the vividness 
with which the discussion has brought before us the contrast 
between mythology and science, between Anthropomorphism 
and Cosmism. But in the chapters which are to follow, the 
question of its merits or demerits will no longer concern na 
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